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PREFACE 

T h e  objective of this p r o g r a m  w a s  to investigate o x y g e n  
compatibility and resistance to ignition of candidate materials 
for use in a liquid rocket engine designed to incorporate a n  
oxidizer rich preburner-LOX turbopump configuration. The program 
w a s  a continuation of the work initiated under NASA Contract NAS 
8-36713. 

This p r o g r a m w a s  divided into two basic tasks. 

T h i s  first task w a s  to d e v e l o p  a p r e l i m i n a r y  d e s i g n  of a n  
oxidizer turbopump preburner section complete with thermal and MS 
Parameter analyses and to develop a conceptual design of the m a i n  
injector with a p r e l i m i n a r y  engine specification as the f i n a l  
product . 

The second task w a s  directed totally at testing materials in 
oxygen-rich environmemts. The task included the installation and 
checkout of the Drop Weight Tester that w a s  furnished under the 
previous contract. The task included conducting tests with the 
DWT and supporting testing in a P r o p a g a t i o n  R a t e  T e s t e r  and 
Friction Rub Tester. 

This r e p o r t  d e s c r i b e s  t h e  w o r k  a c c o m p l i s h e d  u n d e r  t h e  

p r o g r a m  and i s  s u b m i t t e d  as f u l l f i l l m e n t  of the w o r k  to be 
accomplished under the terms of this contract. 
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1. INTRODUCTION 

O f  the m a n y  cycle options available to the liquid rocket 
engine d e s i g n ,  the Full F l o w  T o p p i n g  C y c l e  is one o f  the better 
choices because the full f l o w  of both propellants is available to 
drive the turbomachinery. Such a n  arrangement offers the m a x i m u m  
available turbine d r i v e  p o w e r  thereby p e r m i t t i n g  the l o w e s t  
possible turbine inlet temperature, other factors being equal. 

M i s s i o n  a n a l y s e s  by accepted NASA, Air F o r c e  and i n d u s t r y  
mission models of vehicles based on Full F l o w  Cycle engines and 
the external t a n k  (ET) of  the Space T r a n s p o r t a t i o n  S y s t e m  h a v e  
s h o w n  t h a t  s i g n i f i c a n t  p a y l o a d  g a i n s  c a n  b e  r e a l i z e d  b y  
increasing the t h r u s t - t o - w e i g h t  ratios o f  the engines. A 
”Booster” v e r s i o n  o f  the full f l o w ,  staged c o m b u s t i o n  c y c l e  
engine study utilized dual oxidizer-rich and fuel-rich preburner- 
t u r b o p u m p  a s s e m b l i e s  t o  p r o v i d e  d o u b l e  f l o w  r a t e s  a n d  
corresponding ”double” engine thrust rates of over 1,000,00(1 l b  
without significant changes in overall engine size envelope. 

O n e  o f  the c o n c e r n s  regarding the Full F l o w D u a l  P r e b u r n e r  
Cycle is that i t  uses a n  oxidizer-rich preburner on the LOX side. 
E x p e r i e n c e  w i t h  the o x i d i z e r - r i c h  p r e b u r n e r  has b e e n  m i x e d .  

A t t e m p t s  with LOX/RP encountered h a r d  s t a r t s ,  i n s t a b i l i t y ,  
streaking, etc. Attempts to run LOX/LH2 preburners by starting 
fuel-rich and transitioning through stoichiometric to oxidizer- 
r i c h  m i x t u r e  r a t i o s  h a v e  a l s o  b e e n  unsatisfactory. H o w e v e r ,  
L0X/LH2 tests, at NASA-MSFC in the mid-1960’s. starting oxidizer- 
r i c h  w e r e  very successful. LOX/LH2 preburners h a v e  r u n  w e l l  
with b o t h  g a s e o u s  and liquid injection o f  the propellants o v e r  
m i x t u r e  r a t i o s  o f  f r o m  a p p r o x i m a t e l y  20:l t o  15O:l w h i c h  
indicates the oxidizer-rich L0X/LH2 preburner is quite feasible. 

1 



T h e r e  is g e n e r a l  a c k n o w l e d g e m e n t  ( l S 2 )  that w h e n  c o n c e r n s  
r e g a r d i n g  m a t e r i a l  c o m p a t i b i l i t y  with o x y g e n - r i c h  e n v i r o n m e n t s  
a r e  r e s o l v e d ,  m a j o r  i m p r o v e m e n t s  in r o c k e t  r e l i a b i l i t y  a n d  
p e r f o r m a n c e  will be possible. T h e s e  a d v a n c e m e n t s  will ref l e c t  
d i r e c t l y  in l a u n c h  s y s t e m s  s a f e t y  a n d  e c o n o m y .  A m o n g  g e n e r i c  
i m p r o v e m e n t s  a r e :  l o w e r  o p e r a t i n g  t e m p e r a t u r e s  in t u r b o p u m p  
t u r b i n e s  a n d  t u r b i n e  exhaust ducts: LOX t u r b o p u m p  s h a f t  s e a l i n g  
s i m p l i c i t y ;  s i n g l e  s t a g e  t u r b i n e  f o r  o x i d i z e r  p u m p  d r i v e ;  
s i m p l i f i e d  m a i n  i n j e c t o r ;  i m p r o v e d  c o m b u s t i o n  s t a b i l i t y ;  s m a l l e r ,  
l i g h t e r ,  l o w e r  c o s t  c o m b u s t i o n  c h a m b e r ;  r e d u c e d  p o g o  t e n d e n c y ;  
i n c r e a s e d  I s p ;  h i g h  t h r u s t - t o - w e i g h t ;  p r o p e l l a n t  c o m m o n a l i t y  a n d  
c o m p o n e n t  c o m m o n a l i t y  in l a u n c h  v e h i c l e  s t a g e s  a n d  p r o p e l l a n t  
GSE. 

In t h e  d e v e l o p m e n t  o f  a F u l l - F l o w  C y c l e  R o c k e t  e n g i n e s ,  
d e v e l o p m e n t  o f  m a t e r i a l  t e c h n o l o g y  t o  s u p p o r t  t h e  d e s i g n  o f  
c o m p o n e n t s  a s s o c i a t e d  w i t h  o x i d i z e r - r i c h  g a s e s ,  i.e. t h e  
o x i d i z e r - r i c h  p r e b u r n e r ,  o x y g e n  t u r b o p u m p  a n d  g a s  m a i n  i n j e c t o r ,  
is e s s e n t i a l .  A b e g i n n i n g  o f  t h i s  m a t e r i a l  d e v e l o p m e n t  w a s  
i n i t i a t e d  u n d e r  NASA C o n t r a c t  NASA 8 - 3 6 7 1 3  a n d  c o n t i n u e d  d u r i n g  
t h i s  c o n t r a c t  a s  i n d i c a t e d  b y  the p r o g r a m  o b j e c t i v e s  s u m m a r i z e d  

in T a b l e  1. 

( 1 )  W.R. M a r s h a l l  ltr t o  I v a n  B e k e y ,  N a s a  HQ d a t e d  1 1 / 2 6 / 8 5  

( 2 )  J. R e d u s  memo o f  L.Worlund, N A S A M S F C ,  d a t e d  1 / 7 / 8 7  
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Table 1:  Program Objectives 

o D e v e l o p  p r e l i m i n a r y  d e s i g n  o f  a n  o x i d i z e r  t u r b o p u m p  
p r e b u r n e r  s e c t i o n  i n c l u d i n g  s t r e s s / t h e r m a l  a n d  MS 
Parameter Analyses 

o Develop conceptual design of m a i n  injector 

o Prepare engine specification 

o Install new dropweight tester (I") 

o Conduct DWT tests in oxygen-rich environment at elevated 
temperature and pressures 

o Support material test program for Friction Rub Tester 

o Support material test program for Propagation Rate Tester 

I 1  PROGRAM SUhNARY 

The efforts of this contract produced a preliminary design 
of a n  oxidizer-rich preburner in sufficient detail as to identify 
m a t e r i a l  types and thickness. A t h e r m a l  a n a l y s i s  and the MS 
Parameter analysis w a s  a part of this preliminary design effort. 
F u r t h e r  a c o n c e p t u a l  d e s i g n  of a g a s - g a s  m a i n  injector a n d  an 
engine specification w a s  prepared. 

The new IlwT, furnished under NASA Contract NAS 8-36713, w a s  
installed in a test cell at the M a t e r i a l s  C o m p a t i b i l i t y  T e s t  
F a c i l i t y  at MSFC. The control s y s t e m  for this DWT w a s  d e f i n e d ,  
p r o c u r e d ,  and installed to o p e r a t e  the DWT. T h e  s y s t e m  w a s  

3 



c h e c k e d  o u t  a n d  d e m o n s t r a t e d  t h e  c a p a b i l i t y  t o  t e s t  s a m p l e s  a t  
1000°F a n d  1 0 , 0 0 0  p s i g .  C o r r e l a t i o n  t e s t  w e r e  c o n d u c t e d  u s i n g  
m a t e r i a l s  t e s t e d  in o t h e r  DWT’s a t  M S F C  a n d  WSTF. T e s t  
o p e r a t i o n s  w e r e  t h e n  s t a r t e d  in s u p p o r t  o f  t h e  NASA m a t e r i a l s  
test p r o g r a m .  
T h e  a c c o m p l i s h m e n t s  o f  t h i s  c o n t a c t  a r e  s u m m a r i z e d  in T a b l e  2. 

T a b l e  2: P r o g r a m  A c c o m p l i s h m e n t s  

o P r e p a r e d  p r e l i m i n a r y  d e s i g n  d r a w i n g s  o f  t h e  o x y g e n - r i c h  
p r e b u r n e r  

o C o n d u c t e d  t h e r m a l  a n a l y s e s  o f  the p r e b u r n e r  

o C o n d u c t e d  MS P a r a m e t e r  a n a l y s i s  f o r  the p r e b u r n e r  

o P r e p a r e d  c o n c e p t u a l  d e s i g n  d r a w i n g s  o f  the m a i n  i n j e c t o r  

o R e f i n e d  the e n g i n e  s p e c i f i c a t i o n  

o R e f u r b i s h e d  test cell 3 in B l d  4623 fo r  AW 

o I n s t a l l e d  AW in test c e l l  

o D e s i g n e d ,  p r o c u r e d  a n d  i n s t a l l e d  the l3W c o n t r o l  a n d  d a t a  
a c q u i s i t i o n  s y s t e m  

o P r o c u r e d  a n d  i n s t a l l e d  h i g h  p r e s s u r e  o x y g e n  c o m p r e s s e r  

o D e m o n s t r a t e d  l3W o p e r a t i o n  at 1000°F a n d  10,000 p s i g  

o C o n d u c t e d  t e s t s  with DWT 

4 
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I 11 .  PROGRAM TASKS 

T h e  p r o g r a m  s c h e d u l e ,  F i g u r e  1, r e f l e c t s  t h e  f i n a l  s t a t u s  of 
the t a s k s  d e s c r i b e d  in the f o l l o w i n g  p a r a g r a p h s .  

A. T a s k  1 - S y s t e m D e s i g n  D e f i n i t i o n  

The o b j e c t i v e s  o f  this t a s k  w e r e  to d e v e l o p  t h e  p r e l i m i n a r y  
d e s i g n  of t h e  o x i d i z e r - r i c h  p r e b u r n e r  f o r  t h e  o x i d i z e r  t u r b o p u m p  

d e f i n e d  f o r  t h e  b a s e l i n e  e n g i n e  c o n c e p t e d  u n d e r  N A S A C o n t r a c t  
NAS8-36713, to  p r e p a r e  the c o n c e p t u a l  d e s i g n  o f  t h e  m a i n  i n j e c t o r  
f o r  t h e  b a s e l i n e  e n g i n e ,  a n d  t o  r e f i n e  t h e  b a s e l i n e  e n g i n e  
s p e c i f i c a t i o n .  

D u r i n g  p r e l i m i n a r y  d e s i g n  of the p r e b u r n e r ,  c o n d s i d e r a t i o n  

w a s  g i v e n  t o  : - e d u c t i o n  o f  r e s i d u a l  p r o p e l l a n t  v o l u m e s ,  
e l i m i n a t i n g  z o n e s  o f  e x c e s s i v e  m a t e r i a l ,  r e d u c t i o n  o f  f l a n g e  
s i z e s ,  a n d  s t r e a m l i n i n g  s e c t i o n  t r a n s i t i o n s  t o  i m p r o v e  t h e r m a l  
a n d  s t r u c t u r a l  c h a r a c t e r i s t i c s .  

One o f  t h e  m a j o r  c o n c e r n s  in o x y g e n - r i c h  e n v i r o n m e n t s  i s  
m a t e r i a l  i g n i t i o n  a n d  b u r n i n g .  T h e r e f o r e  in t h e  a n a l y s e s  
c o n d u c t e d  d u r i n g  this p r e l i m i n a r y  d e s i g n  e m p h a s i s  w a s  p l a c e d  on 
t h e r m a l  a n a l y s i s  a n d  t h e  MS P a r a m e t e r  a n a l y s i s .  O f  p r i m a r y  
c o n c e r n  in t h e  p r e b u r n e r  w a s  t h e  d e f l e c t o r  i n s i d e  t h e  p r e b u r n e r  
c h a m b e r  t h a t  w o u l d  s e e  t h e  h i g h e s t  t e m p e r a t u r e  s o  a l l  the 
a n a l y s e s  w e r e  p e r f o r m e d  f o r  t w o  c a n d i d a t e  m a t e r i a l s  (copper 102 
a n d  I n c o n e l  718) f o r  t h i s  d e f l e c t o r  in t h e  o x i d i z e r - r i c h  
p r e b u r n e r  e n v i r o n m e n t .  T h e  t h e r m a l  a n a l y s e s  p r o v i d e  t h e  h e a t  
r a t e  d a t a  for c a l c u l a t i n g  t h e  MS P a r a m e t e r .  

1 
1 
I 
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F u l l  N a v i e r  S t o k e s  c a l c u l a t i o n s  w e r e  d o n e  t o  d e t e r m i n e  t h e  
m i x i n g  a n d  h e a t  t r a n s f e r  t o  t h e  i n n e r  s u r f a c e s  o f  t h e  p r e b u r n e r  
u s i n g  a t h r e e  d i m e n s i o n a l  c o d e  KIVA. T h i s  c o d e  i s  a f i n i t e  
v o l u m e  t e c h n i q u e  w h i c h  i s  c a p a b l e  o f  m o d e l i n g  t h e  c o m p l e x  
g e o m e t r y  of t h e  p r e b u r n e r  a s  w e l l  a s  the i n j e c t i o n  a n d  m i x i n g  o f  
t h e  o x y g e n  a n d  h y d r o g e n  a n d  s u b s e q u e n t  c o m b u s t i o n .  ACE 
( A e r o t h e r m  C h e m i c a l  E q u i l i b r i u m )  a n d  MEIT ( M o m e n t u m  a n d  E n e r g y  
I n t e r g a l  T e c h n i q u e )  c o m p u t e r  c o d e s  w e r e  a l s o  u s e d  t o  o b t a i n  t h e  
f i n a l  d a t a  n e e d e d  t o  c a l c u l a t e  t h e  MS P a r a m e t e r .  A p p e n d i x  A 
c o n t a i n s  t h e  d e t a i l s  o f  t h e  analyses. 

T h e  c o n c e p t u a l  d e s i g n  o f  the g a s - g a s  i n j e c t o r  w a s  c o m p l e t e d .  
T h e  d e s i g n  i n c l u d e d  f u e l  i n j e c t i o n  t u b e s  f o r  i n j e c t i o n  o f  t h e  
g a s e o u s  f u e l  a n d  a r i g i m e s h  i n j e c t o r  f a c e  f o r  l o w  v e l o c i t y  
i n j e c t i o n  of t h e  g a s e o u s  oxidizer. M a t e r i a l  s e l e c t i o n ,  T a b l e  3, 
w a s  m a d e  b a s e d  on t h e  h y d r o g e n  a n d  o x y g e n  c o m p a t i b l e  m a t e r i a l s  
r e q u i r e m e n t s  a s  w e l l  a s  o t h e r  c o n s i d e r a t i o n s ,  i.e., s t r u c t u r a l ,  
f a b r i c a t i o n ,  etc. 

T a b l e  3: I n j e c t o r  M a t e r i a l s  

ITEMS MTERIAL 

o O x y g e n  M a n i f o l d  o M o n e l  400 ( a l t e r n a t e  H a y r e s  2 1 4 )  

o H y d r o g e n  M a n i f o l d s  o 316 SS 

o I n j e c t o r  E l e m e n t s  o 316 SS 

o I n j e c t o r  F a c e  o R i g i d i z e d  n i c k l e  f e l t m e t a l  

T h e  o x y g e n  m a n i f o l d  m a t e r i a l ,  M o n e l  400, w a s  c h o s e n  f o r  
c o m p a t i b i l i t y  w i t h  o x y g e n ,  f o r m a b i l i t y  a n d  m a c h i n a b i l i t y .  It 

7 



a l s o  h a s  g o o d  w e l d a b i l i t y  a n d  the r e s u l t i n g  w e l d  z o n e s  a r e  a l s o  
e x p e c t e d  t o  r e t a i n  c o m p a t i b i l i t y  w i t h  t h e  o x y g e n - r i c h  
e n v i r o n m e n t s .  S t r e n g h t  is m o d e r a t e  at 1200°R, 60,000 ps i  y i e l d ,  
but is s t i l l  e x p e c t e d  to p e r m i t  r e a s o n a b l e  w a l l  t h i c k n e s s  w i t h o u t  
e x c e s s i v e  w e i g h t .  H a y n e s  2 1 4  is a n  a l t e r n a t e  in t h e  e v e n t  t h a t  a 

h i g h e r  s t r e n g t h  m a t e r i a l  is needed. H a y n e s  2 1 4  is e x p e c t e d  t o  b e  
m o r e  e x p e n s i v e  t o  fabricate. 

T h e  H y d r o g e n  m a n i f o l d  a n d  t h e  i n j e c t o r  e l e m e n t s  m a t e r i a l ,  
3 1 6  SS, w a s  c h o s e n  a s  a c o m p r o m i s e  b e t w e e n  o x y g e n  c o m p a t i b i l i t y  
a n d  r e s i s t a n c e  t o  h y d r o g e n  e m b r i t t l e m e n t s .  T h i s  m a t e r i a l  is u s e d  

in the SSME a u t o g e n o u s  g a s  h e a t  e x c h a n g e r  with o x y g e n  on o n e  s i d e  
a n d  h y d r o g e n  on t h e  o t h e r  a t  h i g h e r  t e m p e r a t u r e s ,  a b o u t  1650°R, 
s h a r p e r  t h e r m a l  g r a d i e n t s  a n d  h i g h e r  p r e s s u r e s  t h a n  in t h e  
p r o p o s e d  g a s - g a s  injectors. 

T h e  i n j e c t o r  f a c e  m a t e r i a l  s e r v e s  to s m o o t h  out t h e  v e l o c i t y  
p r o f i l e  o f  the i n - f l o w i n g  oxygen. T h e  m a t e r i a l  is e x p o s e d  t o  the 
r a d i a n t  h e a t  o f  t h e  c h a m b e r ,  a n d  c o o l e d  b y  t h e  t h r o u g h f l o w  o f  
o x y g e n - r i c h  gas. I t  i s  n o t  e x p e c t e d  t o  e x c e e d  a t e m p e r a t u r e  o f  
1400'R. R i g i d i z e d  n i c k e l  f e l t m e t a l  w a s  s e l e c t e d  b e c a u s e  i t  h a s  

g o o d  o x i d a t i o n  r e s i s t a n c e ,  a n d  p r o v i d e s  t h e  d e s i r e d  f l o w  
d i s t r i b u t i o n  properties. 

T h e  s p e c i f i c a t i o n  f o r  t h e  b a s e l i n e  e n g i n e  c o n c e p t e d  u n d e r  
c o n t r a c t  NAS 8 - 3 6 7 1 3  w a s  r e v i s e d  a n d  is p r e s e n t e d  in A p p e n d i x  B. 

T h e  d r a w i n g s  a s s o c i a t e d  with T a s k  1 a r e  l i s t e d  in A p p e n d i x  
C. O n e  r e p r o d u c i b l e  a n d  t w o  b l u e  line c o p i e s  of e a c h  d r a w i n g  h a s  
b e e n  s u p p l i e d  to the COR with t h i s  report. 

B. T a s k - 2  S u p p o r t ,  MSFC D r o p  W e i g h t  Tester(I3") 
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T h e  p r i m a r y  o b j e c t i v e s  of t h i s  t a s k  w e r e  t o  i n s t a l l  t h e  IYW" 
p r o v i d e d  u n d e r  NAS8-36713, d e m o n s t r a t e  t h e  o p e r a b i l i t y  o f  t h e  
s y s t e m ,  a n d  c o n d u c t  a m a t e r i a l s  test p r o g r a m .  

T e s t  b a y  n u m b e r  3 in B l d  4623 w a s  a s s i g n e d  f o r  t h i s  DWT. 
T h e  t e s t  b a y  h a d  b e e n  i n a c t i v e  f o r  q u i t e  s o m e  t i m e  r e q u i r i n g  
c o n s i d e r a b l e  r e f u r b i s h m e n t .  All the o l d  g a s  l i n e s  a n d  e l e c t r i c a l  
c a b l i n g  w e r e  r e m o v e d  f r o m  t h e  t e s t  b a y  a n d  t h e  t e s t  b a y  w a s  

painted. T h e  c o n t r o l  r o o m  w a s  a l s o  s t r i p p e d  o f  a l l  o l d  l i n e s  a n d  
w i r i n g  a n d  painted. An ex i s t i n g  GN2 s u p p l y  p a n e l  in t h e  c o n t r o l  
r o o m w a s  r e f u r b i s h e d  a n d  u s e d  a s  the GN2 d i s t r i b u t i o n  panel. T h e  
p a n e l  i s  s u p p l i e d  b y  t h e  f a c i l i t y  3000 p s i g  GN2 s o u r c e .  T h e  
p a n e l  c o n t a i n s  t h r e e  m a n u a l l y  o p e r a t e d  r e g u l a t o r s  that s t e p  d o w n  
the GN2 s u p p l y  p r e s s u r e  f o r  GN2 co o l i n g  p r e s s u r e  (100 psig), GN2 
a c t u a t i o n  p r e s s u r e  (150 psig), a n d  GN2 b a l a n c e  p r e s s u r e  (1200 
psig). E a c h  o f  t h e s e  s t e p - d o w n  s y s t e m s  c o n t a i n  a m a n u a l  shut o f f  
v a l v e  u p s t r e a m  o f  the r e g u l a t o r  a n d  a r e l i e f  v a l v e  d o w n s t r e a m  o f  

the regulator. N e w  g a s  l i n e s  w e r e  i n s t a l l e d  f r o m  t h e  p a n e l  i n t o  
t h e  t e s t  b a y  t o  t h e  DWT. S o l e n o i d  v a l v e s  w e r e  i n s t a l l e d ,  a s  
n e c e s s a r y ,  t o  s u p p l y  GN2 fo r  the r e q u i r e d  o p e r a t i o n s  at t h e  IYW". 
T h e  GOX h i g h  p r e s s u r e  l i n e s  w e r e  i n s t a l l e d  u s i n g  h i g h  p r e s s u r e  
t u b i n g  a n d  f i t t i n g s .  T h e  s h u t  o f f  v a l v e s  in t h e  h i g h  p r e s s u r e  
l i n e s  a r e  a l l  d o m e  l o a d  h i g h  p r e s s u r e  v a l v e s .  T h e  GOX h i g h  
p r e s s u r e  c o m p r e s s o r  p r o c u r e d  f o r  this s y s t e m  is n i t r o g e n  d r i v e n  
r e q u i r i n g  no e l e c t r i c a l  p o w e r .  F o r  10,000 p s i g  o p e r a t i o n ,  t h e  
c o m p r e s s o r  r e q u i r e s  a 1000 t o  2500 p s i g  i n l e t  p r e s s u r e  w h i c h  
a l l o w e d  t h e  u s e  o f  t h e  e x i s t i n g  GOX s u p p l y  s y s t e m  in BLD 4623. 
T h e  c o n t r o l  s y s t e m  w a s  i d e n t i f i e d  a n d  t h e  m i s s i n g  c o m p o n e n t s  
w e r e  p u r c h a s e d .  T h e  c o n t r o l  s y s t e m  is f u l l y  a u t o m a t e d  b e g i n n i n g  
with i n p u t  o f  t e s t  c o n d i t i o n s  a n d  s e t t i n g  o f  k e y  p e r i m e t e r s  t o  
m o n i t o r  a n d  c o n t r o l  t h e  t e s t  r e a d y - s a f e t y  "GO" g a t e s .  T h e  
o p e r a t o r  is r e q u i r e d  t o  i n c r e a s e  p r e s s u r e  u n t i l  t h e  s t r i k e r  m o v e s  
into test .position, t h e n  a c t u a t e s  the p l u m m e t  d r o p  sequence. T h e  
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s h u t d o w n  a n d  d a t a  r e c o r d i n g  f u n c t i o n s  a r e  a u t o m a t i c .  T h e  c o n t r o l  
s y s t e m  d o e s  h a v e  t w o  s h u t  d o w n  o v e r r i d e s  t h a t  p r o v i d e  a n o r m a l  
s h u t d o w n  o r  a n  e m e r g e n c y  s h u t d o w n .  F i g u r e s  2 a n d  3 s h o w  t h e  
i n s t a l l e d  a n d  c o n t r o l  c o n s o l e  respectively. 

U p o n  c o m p l e t i o n  o f  i n s t a l l a t i o n ,  t h e  s y s t e m  w a s  t e s t e d  t o  
d e m o n s t r a t e  o p e r a b i l i t y  capabilities. T h e  first t e s t s  c o n d u c t e d  
w e r e  t o  d e m o n s t r a t e  t h e  systems' a b i l i t y  t o  h e a t  test s a m p l e s  t o  
1000°F. S i n c e  t h e s e  test c o u l d  b e  c o n d u c t e d  w i t h o u t  p r e s s u r e  in 
t h e  c h a m b e r ,  B m i n i a t u r e  t h e r m o c o u p l e  w a s  i n s e r t e d  t h r o u g h  t h e  
c h a m b e r  d i s c h a r g e  l i n e ,  into the s a m p l e  c u p  a n d  p o s i t i o n e d  u n d e r  
a t e s t  s a m p l e .  T h e  t h e r m o c o u l p e s  t o  b e  u s e d  d u r i n g  a c t u a l  

t e s t i n g  i s  l o c a t e d  on t h e  o u t e r  s u r f a c e  o f  t h e  p r e s s u r e  b a r r e l .  
T e s t  w e r e  t h e n  c o n d u c t e d  h e a t i n g  t h e  s a m p l e  t o  1 0 0 0 ° F  in 
i n c r e m e n t s  o f  200 d e g r e e s  a n d  c o m p a r i n g  t h e  d a t a  o f  t h e  t w o  
t h e r m a l c o u p l e s .  T h e  t e s t s  w e r e  c o n d u c t e d  s e v e r a l  t i m e s  t o  v e r i f y  
t h e  d a t a .  T h e  f i n a l  r e s u l t s  r e v e a l e d  t h a t  t h e  s a m p l e  
t e m p e r a t u r e s  l a g g e d  the b a r r e l  t e m p e r a t u r e  b y  t e n  seconds. T h e  
c o n t r o l  s y s t e m  w a s  p r o g r a m m m e d  t o  p r o v i d e  h e a t  a n  e x t r a  t e n  
s e c o n d s  a f t e r  t h e  b a r r e l  t e m p e r a t u r e  r e a c h e d  t h e  set t e m p e r a t u r e .  

T h e  s y s t e m  i s  r e a p e a t a b l e  a n d  t h e  t i m e  t o  r e a c h  1 0 0 0 ° F  f r o m  
a m b i e n t  is eight m i n u t e s  with p o s t - t e s t  c o o l d o w n  t i m e  r e q u i r i n g  

s i x  m i n u t e s .  T h e  s y s t e m  w a s  a l s o  p r e s s u r i z e d  t o  1 0 , 0 0 0  p s i g  
t o  d e m o n s t r a t e  t h e  o p e r a b i l i t y  o f  t h e  c o m p r e s s o r .  The t i m e  
r e q u i r e d  t o  r e a c h  1 0 , 0 0 0  p s i g  s t a r t i n g  a t  1000 p s i g  w a s  s e v e n t y  
seconds. 

U p o n  c o m p l e t i o n  of t h e  c h e c k o u t  test o p e r a t i o n s ,  t e s t s  w e r e  
c o n d u c t e d  u s i n g  m a t e r i a l s  s u p p l i e d  b y  NASA. T h e s e  test w e r e  r u n  
t o  c o m p a r e  t h e  r e s u l t s  in t h i s  DWT w i t h  t h e  r e s u l t s  o b t a i n e d  on 
t h e  s a m e  m a t e r i a l s  at the s a m e  test c o n d i t i o n s  in o t h e r  m ' s .  

A p p e n d i x  F c o n t a i n s  a c o m p l e t e  d e s c r i p t i o n  o f  t h e  s y s t e m ,  
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the e q u i p m e n t  that m a k e s  u p  the s y s t e m ,  r e c o m m e n d e d  m a i n t e n a n c e  
a n d  a l i s t  o f  r e c o m m e n d e d  s p a r e  p a r t s .  A p p e n d i x  G is  a l i s t  o f  
all d r a w i n g s  a s s o c i a t e d  with the s y s t e m .  O n e  r e p r o d u c i b l e  a n d  
t w o  b l u e  l i n e  c o p i e s  o f  e a c h d r a w i n g  h a s  b e e n  s u p p l i e d  t o  t h e  COR 
w i t h  t h i s  report. A p p e n d i x  H is t h e  DAS O p e r a t i n g  M a n u a l  f o r  t h e  
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Figure 2: DVl" Installation 
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Figure 3 :  IFAT Control Console 
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C. T a s k  3 - S u p p o r t  F r i c t i o n  - R u b  T e s t e r  

The p r i m a r y  o b j e c t i v e s  o f  t h i s  t a s k  w e r e  t o  r e c o m m e n d  
m a t e r i a l s  f o r  t e s t i n g  i d e n t i f y  t e s t  c o n d i t i o n s ,  a n d  s u p p o r t  
a n a l y t i c a l  a n d  d a t a  evaluation. 

A l i s t  o f  m a t e r i a l s  f o r  t e s t i n g  a n d  t e s t  c o n d i t i o n s  w e r e  
s u p p l i e d ,  h o w e v e r  the test e q u i p m e n t  w a s  n e v e r  r e c e i v e d  b y  NASA- 
MSFC a n d  no t e s t i n g  w a s  conducted. 

D. T a s k  4 - S u p p o r t  P r o p a g a t i o n  R a t e  T e s t s  

T h e  p r i m a r y  o b j e c t i v e s  o f  t h i s  t a s k  w e r e  t o  r e c o m m e n d  
m a t e r i a l s  f o r  t e s t i n g ,  i d e n t i f y  t e s t  c o n d i t i o n s ,  a n d  s u p p o r t  
a n a l y t i c a l  a n d  d a t a  evaluation. 

A l i s t  o f  m a t e r i a l s  f o r  t e s t i n g  a n d  t e s t  c o n d i t i o n s  w e r e  
supplied. A s s i s t a n c e  w a s  p r o v i d e d  to m a k e  the p r o p a g a t i o n  r a t e  

t e s t s  o p e r a t i o n a l  a n d  to c o n d u c t  the c h e c k o u t  test o f  the s y s t e m .  
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T h e  MS P a r a m e t e r  is a n e w  e n g i n e e r i n g  tool. It m a y  b e  u s e d  
t o  h e l p  e v a l u a t e  h o w  c l o s e  a m a t e r i a l  in a s p e c i f i c  s i t u a t i o n  

( m a t e r i a l  a n d  its e n v i r o n m e n t )  is t o  ignition. T h e  MS P a r a m e t e r  
i s  in e s s e n c e  " h o w  f a s t  a m a t e r i a l  m u s t  b u r n  t o  l i b e r a t e  
s u f f i c i e n t  h e a t  f o r  i t  t o  c o n t i n u e  t o  burn". C o m p a r i s i o n  o f  t h e  
c a l c u l a t e d  MS P a r a m e t e r  w i t h  a m e a s u r e d  MS P a r a m e t e r ,  f o r  t h e  
s a m e  m a t e r i a l  in a s i m i l i a r  b u t  m o r e  d i f f i c u l t ( h i g h e r  
t e m p e r a t u r e )  e n v i r o n m e n t  g i v e s  a q u a n t i t a t i v e  m e a s u r e  o f  t h e  
m a t e r i a l s  m a r g i n  f r o m  ignition. T h u s  the a p p r o a c h  is s i m i l i a r  t o  
t h e  a p p r o a c h  u s e d  in s t r e n g t h  of m a t e r i a l s  w h e r e  a c a l c u l a t e d  

s t r e s s  i s  c o m p a r e d  w i t h  t h e  m e a s u r e d  m a t e r i a l  s t r e n g t h .  
U n f o r t u n a t e l y  a t  t h i s  t i m e  t h e r e  i s  no d a t a  b a s e  on m e a s u r e d  MS 
P a r a m e t e r  v a l u e s  w h e r e a s  f o r  m a n y  e n g i n e e r i n g  m a t e r i a l s  t h e r e  is 
a w e a l t h  o f  d a t a  f o r  t h e  m e a s u r e d  s t r e n g t h  o f  m a t e r i a l s .  It i s  
u s e f u l  t o  c a l c u l a t e  o p e r a t i n g  MS P a r a m e t e r  v a l u e s  b e c a u s e  t h e  
r e s u l t s  g i v e  r e l a t i v e  v a l u e s  a m o n g  v a r i o u s  m a t e r i a l s  f o r  a 

s p e c i f i c  s i t u a t i o n .  

A s t u d y  w a s  p e r f o r m e d  t o  d e t e r m i n e  the MS P a r a m e t e r  (Ref. 
1)  f o r  t w o  c a n d i d a t e  m a t e r i a l s  f o r  a d e f l e c t o r  in a n  o x i d i z e r -  
r i c h  p r e b u r n e r  e n v i r o n m e n t .  

T h e  e q u a t i o n  f o r  t h e  MS p a r a m e t e r  i s  

MS =r a t e  of h e a t  c o n d u c t i o n  + U t e  af h e a t  c o n v e c t i p p  
f x d x H C  d xHC 

(1 )  

w h e r e  d i s  t h e  d e n s i t y  (lb/iu3.cn.), HC is  t h e  h e a t  o f  c o m b u s t i o n  
( B T U / l b )  a n d  f i s  a f u n c t i o n  o f  o x i d e  l a y e r  t h i c k n e s s .  T h e  
f i r s t  t e r m  ( c o n d u c t i o n )  i s  a t i m e  d e p e n d e n t  t e r m  a n d  t h e  s e c o n d  
t e r m  is a s t e a d y  s t a t e  term. 
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F o r  e a c h  o f  c a n d i d a t e  m a t e r i a l s  t h e  MS P a r a m e t e r  w a s  

Material 

Inconel718 

Copper 102 

c a l c u l a t e d  f o r  t w o  i n t i a l  d e f l e c t o r  m a t e r i a l  t e m p e r a t u r e s ,  t w o  

t h i c k n e s s e s  a n d  t w o  l o c a t i o n s  a l o n g  t h e  l e n g t h  o f  t h e  d e f l e c t o r .  

T h e  t w o  m a t e r i a l s  c o n s i d e r e d  f o r  t h i s  a n a l y s i s  w e r e  c o p p e r  1 0 2  

a n d  I n c o n e l  718. T h i c k n e s s e s  o f  the d e f l e c t o r  w e r e  a s s u m e d  t o  b e  
0.5 i n c h e s  a n d  0.25 inches. T h e  i n i t i a l  t e m p e r a t u r e s  t h r o u g h  t h e  
t h i c k n e s s  o f  t h e  m a t e r i a l  w e r e  530 R a n d  1 0 7 6  R. L o c a t i o n s  

a l o n g  t h e  l e n g t h  o f  t h e  d e f l e c t o r  w e r e  c h o s e n  a t  p o i n t s  o f  
m a x i m u m  a n d  minimum c o n v e c t i v e  t r a n s f e r  r a t e s  determi.ned f r o m  a 

b o u n d a r y  l a y e r  c a l c u l a t i o n .  In t h i s  a n a l y s i s  i t  w a s  a s s u m e d  

that no o x i d e  l a y e r  e x i s t e d  t h e r e f o r e  "f" w a s  set e q u a l  t o  unity 
V a l u e s  o f  "d" a n d  "HC" f o r  I n c o n e l  a n d  c o p p e r  a r e  s h o w n  in T a b l e  

Heat of Combustion Density Ignition/Melt 
(BTUll b) (I b/in3) Temperature ( O R )  

2000 .297 3000 

1083 .323 2440 

1. 

Table 1 : Material Constants 

T o  d e t e r m i n e  t h e  c o n v e c t i o n  r a '  s a l o n g  t h e  l e n g t h  o f  t h e  

d e f l e c t o r  a s e r i e s  o f  c a l c u l a t i o n s  w e :  m a d e  with t h e  KIVA, ACE 
( A e r o t h e r m  C h e m i c a l  Equilibrium), a n d  IEIT ( M o m e n t u m  a n d  E n e r g y  

I n t e g a l  T e c h n i q u e )  c o m p u t e r  c o d e s .  IVA (R e f .  2) i s  a N a v i e r -  
S t o k e s  c o d e  f o r  c a l c u l a t i n g  t w o  a n d  t h r e e  d i m e n s i o n a l  f l u i d  
f l o w s  w i t h  c h e m i c a l  r e a c t i o n s  a n d  f u e l  s p r a y s .  ACE (Ref. 3 )  
c a l c u l a t e s  q u a n t i t i e s  f o r  a b r o a d  v a r i e t y  o f  t h e r m o d y n a m i c  

p r o c e s s e s .  MEIT (Ref. 4 )  p r e d i c t s  b o u n d a r y  l a y e r  d e v e l o p m e n t ,  
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s h e a r ,  a n d  h e a t i n g  on a s u r f a c e  in h y p e r t h e r m a l  e n v i r o n m e n t s .  
T h e  p r e b u r n e r  c o n f i g u r a t i o n  i s  s h o w n  in F i g u r e  1 a n d  t h e  
c o m p u t a t i o n a l  g r i d  a n d  f l o w f i e l d  p r e d i c t i o n s  a r e  s h o w n  in F i g u r e  

2. T h e  c a l c u l a t i o n s  u s e d  a m i x t u r e  r a t i o  o f  o x y g e n  t o  h y d r o g e n  

o f  138:l. 

Material 

Inconel718 

Copper 102 

B o u n d a r y  l a y e r  e d g e  c o n d i t i o n s  f r o m  KIVA a n d  b o u n d a r y  l a y e r  
g a s  p r o p e r t i e s  f r o m  ACE w e r e  input i n t o  t h e  MEIT c o d e .  T h e  g a s  

in t h e  b o u n d a r y  l a y e r  w a s  a s s u m e d  t o  b e  c o m p o s e d  e n t i r e l y  o f  
o x y g e n .  T h e  w a l l  t e m p e r a t u r e  o f  t h e  d e f l e c t o r  w a s  a s s u m e d  t o  b e  
t h e  m e l t / i g n i t i o n  t e m p e r a t u r e  o f  t h e  m a t e r i a l .  T h e s e  v a l u e s  w e r e  

3000 d e g r e e s  R a n k i n e  f o r  I n c o n e l  a n d  2440 d e g r e e s  R a n k i n e  f o r  
c o p p e r .  C o n v e c t i v e  t r a n s f e r  r a t e s  f o r  t h e  c o p p e r  a n d  i n c o n e l  

w e r e  d i f f e r e n t  s i n c e  d i f f e r e n t  w a l l  t e m p e r a t u r e s  w e r e  a s s u m e d  

f o r  e a c h  m a t e r i a l  in p e r f o r m i n g  t h e  b o u n d a r y  l a y e r  c a l c u l a t i o n .  
T a b l e  2 s h o w s  t h e  c o n v e c t i o n  r a t e s  u s e d .  I t  s h o u l d  b e  n o t e d  

that s i n c e  t h e  w a l l  t e m p e r a t u r e s  w e r e  a s s u m e d  t o  b e  a t  i g n i t i o n  

t e m p e r a t u r e  f o r  e a c h  m a t e r i a l ,  t h e  c o n v e c t i v e  t r a n s f e r  a c t u a l l y  

t e n d s  t o  c o o l  t h e  m a t e r i a l .  

Minimum Maximum 

180.2 786.8 

142.0 66.5 

Table 2: Convection Rates 



The c o n d u c t i o n  t e r m  in e q u a t i o n  ( 1 )  w a s  c a l c u l a t e d  w i t h  t h e  

A e r o t h e r m  c o d e  CMA ( C h a r r i n g  M a t e r i a l  T h e r m a l  R e s p o n s e  a n d  

A b l a t i o n ,  ( R e f  5 ) .  F o r  t h e s e  a n a l y s e s  t h e  s u r f a c e  o f  t h e  
m a t e r i a l  w a s  h e l d  at its m e l t  t e m p e r a t u r e  f o r  t h e  s t i m u l u s  t i m e  
a n d  c o n d u c t i o n  r a t e s  w e r e  d e t e r m i n e d  at v a r i o u s  p o i n t s  in t i m e .  

M a t e r i a l  p r o p e r t i e s  u s e d  in t h e s e  a n a l y s e s  a r e  s h o w n  in T a b l e s  3 
a n d  4. MS v a l u e s  w e r e  t h e n  d e t e r m i n e d  u s i n g  e q u a t i o n  (1) .  

R e s u l t s  f r o m  t h e  c a l c u l a t i o n s  a r e  s h o w n  in F i g u r e s  3 t h r o u g h  10. 

Table 3: Material ProDerties For Comer 102 

I I Density (Ib/ft3) = 513 

Temperature 
(R") 

Specific Heat 
(BTU/I b-OR) 

Thermal Conductivity 
(BTU/ft-sec-Ti) 

460 
960 

1460 
1960 
2460 

0.0875 
0.1 02 
0.1 11 
0.1 2 

0.1 29 

I 0.065 
0.061 
0.059 
0.057 
0.052 

I I 1 I 
PROP89341 1-3.0 

Table 4: Material Properties For lnconel 718 

Density (Ib/ft3) = 558 I 
Temperature Specific Heat 

(BTU/I b-OR) 

~ 

Thermal Conductivity 
( BTU/ft-sec-"R) 

460 
2060 

0.045 
0.1 6 

0.001 056 
0.003833 

F o l l o w i n g  a r e  c o m m e n t s  p e r t a i n i n g  t o  t h e s e  results. 
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C o n d u c t i o n  r a t e s  f o r  t h e  c o p p e r  a r e  s i g n i f i c a n t l y  g r e a t e r  

t h a n  f o r  t h e  Inconel. T h e r e f o r e ,  the c o p p e r  h a s . a  s i g n i f i c a n t l y  
h i g h e r  MS v a l u e  f o r  a l l  o f  the s i t u a t i o n s  analyzed. 

T h e  t h i c k e r  d e f l e c t i o n  p l a t e  e x p e r i e n c e s  h i g h e r  c o n d u c t i o n  
r a t e s ,  e s p e c i a l l y  a f t e r  a b o u t  0.05 s e c o n d s .  T h i s  r e s u l t s  in a 
larger MS value. 

L a r g e r  MS v a l u e s  a r e  a l s o  o b t a i n e d  f o r  t h e  l o c a t i o n  
e x p e r i e n c i n g  t h e  g r e a t e s t  c o n v e c t i v e  cooling. H o w e v e r ,  e a r l y  in 
time ( < 0.1 s e c o n d s )  t h e  c o n d u c t i o n  t e r m  i s  m u c h  g r e a t e r  t h a n  

t h e  c o n v e c t i o n  a n d  t h e r e f o r e  t h e  c o n v e c t i v e  c o o l i n g  d o e s  n o t  
c o m e  i n t o  p l a y  e a r l y  in t i m e .  L a t e r  in t i m e ,  t h e  m a t e r i a l  
a p p r o a c h e s  c o n s t a n t  t e m p e r a t u r e  a n d  t h e  c o n d u c t i o n  t e r m  

a p p r o a c h e s  zero. As th i s  h a p p e n s  the c u r v e s  b e c o m e  a s y m p t o t i c .  
C o p p e r  b e c o m e s  a s y m p t o t i c  m u c h  s o o n e r  t h a n  i n c o n e l .  T h i s  i s  
b e c a u s e  c o p p e r  h a s  a m u c h  h i g h e r  c o n d u c t i v i t y  a n d  a l o w e r  m e l t  

t e m p e r a t u r e .  T h e r e f o r e ,  the t e m p e r a t u r e  at the b a c k w a l l  r e a c h e s  
m e l t  t e m p e r a t u r e  m u c h  s o o n e r  a n d  t h e  c o n d u c t i o n  r a t e  d r o p s  t o  
n e a r l y  zero. T h i s  a l l o w s  the c o n v e c t i o n  t e r m  t o  d o m i n a t e  t h e  MS 
v a l u e .  E v e n  a t  10 s e c o n d s  i n c o n e l  h a s  n o t  r e a c h e d  i t s  m e l t  
t e m p e r a t u r e  a t  t h e  b a c k w a l l  a n d  i s  s t i l l  c o n d u c t i n g  h e a t  a w a y  
f r o m  t h e  surface. 

H i g h e r  intial t e m p e r a t u r e  h a s  the effect o f  l o w e r i n g  t h e  MS 
p a r a m e t e r  o f  c o p p e r .  T h i s  i s  d u e  t o  t h e  f a c t  t h a t  a s  
t e m p e r a t u r e  i n c r e a s e s  t h e  c o n d u c t i v i t y  o f  c o p p e r  g o e s  d o w n  w h i c h  
r e d u c e s  t h e  r a t e  o f  h e a t  c o n d u c t i o n  a w a y  f r o m  t h e  s u r f a c e .  
H o w e v e r ,  f o r  i n c o n e l  t h e  c o n d u c t i v i t y  i n c r e a s e s  a s  t e m p e r a t u r e  
i n c r e a s e s  w h i c h  r e s u l t s  in a s l i g h t l y  h i g h e r  MS p a r a m e t e r  f o r  
a p p r o x i m a t e l y  t h e  f i r s t  0.0028 seconds. 

B a s e d  on t h e  MS r e s u l t s  o b t a i n e d ,  i t  a p p e a r s  t h a t  a 0.5 
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PRELIMINARY ENGINE SPECIFICATION 

FOR 

HIGH MIXTURE RATIO LOX/LHz 
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T h i s  d o c u m e n t  w a s  p r e p a r e d  f o r  s t u d i e s  p e r f o r m e d  u n d e r  t h i s  
c o n t r a c t  a n d  is n o t  i n t e n d e d  f o r  o t h e r  u s e .  
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1.0 SCOPE 

1 . 1  REQUIREMENTS 

T h i s  d o c u m e n t  s e t s  f o r t h  r e q u i r e m e n t s  t o  g u i d e  t h e  
c o n c e p t u a l  d e s i g n  o f  a n  o x y g e n / h y d r o g e n  rocket e n g i n e  w h i c h  u s e s  
h i g h  m i x t u r e  r a t i o  d u r i n g  b o o s t e r  o p e r a t i o n  a n d  c o n v e n t i o n a l  
m i x t u r e  r a t i o  d u r i n g  s u s t a i n e r  o p e r a t i o n .  T h e  o b j e c t i v e  i s  t o  
p r o v i d e  h i g h  e n g i n e  t h r u s t - t o - w e i g h t  r a t i o  with r e l a t i v e l y  h i g h  
b u l k  d e n s i t y  p r o p e l l a n t s  d u r i n g  b o o s t e r  o p e r a t i o n  a n d  h i g h  

s p e c i f i c  i m p u l s e  d u r i n g  s u s t a i n e r  o p e r a t i o n .  

1 . 2  FEATURES 

S p e c i a l  f e a t u r e s o f  t h i s  e n g i n e  s h a l l  be a s  f o l l o w s :  

a. A s i n g l e  b a s i c  e n g i n e  s h a l l  b e  u s e d  in a c l u s t e r  t o  

p r o v i d e  thrust f o r  e a r t h - t o - o r b i t  p r o p u l s i o n .  

b. M u l t i p l e  c o m p o n e n t s  ( p r o p e l l a n t  f e e d  s y s t e m )  s h a l l  
p r o v i d e  a l a r g e  r a n g e  o f  f l o w r a t e s w i t h  a s i m p l e  e n g i n e .  

c. T h e  e n g i n e  s h a l l  b e  c a p a b l e  o f  b e i n g  s t e p p e d  in t h r u s t  
l e v e l  and m i x t u r e  r a t i o  in a p r e s c r i b e d  manner. 

d. T h r u s t  v e c t o r  d i r e c t i o n  s h a l l  b e  p r o v i d e d  b y  a g i m b a l .  

e. T h e  e n g i n e  s h a l l  b e  p r o v i d e d  with a l t e r n a t i v e  n o z z l e  
s k i r t s  h a v i n g  t h e  a p p r o p r i a t e  a r e a  r a t i o  t o  e n h a n c e  
o p e r a t i o n  in t h e  b o o s t e r  o r  s u s t a i n e r  m o d e .  

f. T h e  t u r b o m a c h i n e r y  f o r  t h e  o x y g e n  a n d  h y d r o g e n  f e e d  
s y s t e m s  s h a l l  b e  s i z e d  f o r  a p p r o x i m a t e l y  550,000 l b  

1 



vacuum thrust level a t  a mixture ratio of 6, when using 
one LOX Turbopump and one Hydrogen turbopump. 

2.0 APPLICABLE DOCUMENTS 

2.1 GOVERNMENT DOCUMENTS 

The following government documents form a p a r t  of this 
specification to the extent s p e c i f i e d  herein. 

2.1.1 Specifications, M i l i t a r y  

MIL-P-25508E 
Amendment 3 
20 January 1975 

MIL-P-27201B 
30 June 1971 

MIL-P-27401C 
20 January 1975 

MIL-P-27407A 
2 8  November 1975 

Propellant, Oxygen 

Propellant, Hydrogen 

Propellant Pressurizing 
Agent, Nitrogen 

Propellant Pressurizing 
Agent, Helium 

2.1.2 Specifications, Marshall Space Flight Center 

NASA NHB 8060 

2 

Flamnability, Odor and 
Offgassing Requirements 
and Test Procedures for 
Materials in Environments 
that Support Combustion 



MSFC-SPEC-106B 

TBD 

Testing Compatibility of 
Materials for Liquid 
Oxygen Systems 

Testing Compatibility of 
Materials for Oxidizer- 
Rich Products of Combus- 
tion at Elevated Tempera- 
tures 

2.1.3 Publications 

Chemical Propulsion Information Agency 
CPIA - 14B, July 1967 

Selection of Instrumentation for Analysing Combustion 
Instability in Liquid Propellant Rocket Engines 

NASA 
Document: JSC 07700, Vol. X, Appendix 10.10 

Change No. 38, Natural Environments, 
Design Reuirements 

Handbooks: MIL-HDBK-SB, Notice 1 July 1972 
Metallic Materials and Elements for 
Aerospace Vehicle Structures 

NHB 8 0 4 0 . 2 ,  January 1970 

Apollo Configuration Management Manual 
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3.0 REQUIREMENTS 

3 . 1  ENGINE IDENTIFICATION 

T h e  basic e n g i n e  identification is " S - 2 " .  T h i s  c h o i c e  is 
based on the selection of a n  SSME size engine having two oxidizer 
feed subsystems. Various alternatives to this engine are feasi- 
ble, including various nozzle skirt exit-to-throat area ratios. 

3 . 2  CHAMBER PRESSURE 

The chamber pressure selected for the engine, during booster 
o p e r a t i o n ,  s h a l l  b e  3 6 0 0  p s i a .  H i g h e r  a n d  l o w e r  c h a m b e r  
p r e s s u r e s ,  f r o m  2000 to 4 0 0 0  psi, shall a l s o  be c o n s i d e r e d  a n d  
curves of their performance developed. 

3 . 3  PROPELLANTS, MIXTURE RATIO RANGE 

Liquid oxygen and liquid hydrogen shall be the prcpellants. 
T h e  m i x t u r e  r a t i o  f o r  booster o p e r a t i o n  is 1 2  a n d  the m i x t u r e  
ratio f o r  s u s t a i n e r  o p e r a t i o n  is 6 .  The f e a s i b i l i t y  to o p e r a t e  
c o n t i n o u s l y  o v e r  t h i s  r a n g e  of m i x t u r e  r a t i o s  s h a l l  b e  
d e t e r m i n e d .  T h e  b a s i c  e n g i n e  c o n c e p t  s h a l l  o p e r a t e  a t  
approximately constant mixture ratio depending on the mode, i.e., 
booster or sustainer. 

3 . 4  FUNCTIONAL REQUIREMENTS 

3 . 4 . 1  Thrust Profile 

The thrust profile for a typical earth-to-orbit trajectory 
is s h o w n  in F i g u r e  3 . 4 - 1 .  T h e  high thrust, h i g h  m i x t u r e  r a t i o  
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mode for the early phase of flight is consistent with the booster 
phase of the flight. The lower thrust, lower mixture ratio, high 
specific impulse m o d e  is consistent w i t h  the sustainer m o d e  of 
the powered flight. 

3.4.2 Specific Impulse 

The specific impulse of the engine depends upon the mixture 
ratio, the altitude (ambient static pressure) and the exit-to- 

throat area ratio of the skirt. The relationship of the vacuum 
specific impulse to the other parameters shall be as s h o w n  in 
Figure 3.4-2. 

3.4.3 Interfaces 

Engine-vehicle interfaces listed below shall be considered: 

Itcm Name 

1 

2 
3 

4 
5 

6 

7 

8 

9 

10 

LOX Inlet Line 
Fuel Inlet Line 
LOX Tank Autogenous Line 
Fuel Tank Autogenous Line 
Gimbal/Thrust Takeout 
Gimbal Actuators Mounts 
Purge/Vent System 
Start /Shutdown Sys tem 
E l e c t r i c a l  System 
Other 
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3.5 PHYSICAL REQUIREMENTS 

3.5.1 Size/Envelope 

As a goal the engine dimensions shall f a l l  w i t h i n  the 
silhouette shown in Figure 3.5-1. 

3.5.2 Weight 

3.5.2.1 

The engine weight shall include a l l  components and equipment 
downstream of the suction flanges to the turbopumps, the gimbal 
interface to the vehicle, the s i d e  attachments to the thrust 
v e c t o r  a c t u a t o r s  and the f l u i d  and e l e c t r i c a l  l i n e s  and 
connectors. 

3.5.2.2 

li 
E 
I 
I 
I 
I 
1 
t 
I 

The engine weight shall not e x c e e d  the w e i g h t s shown in 
FIGURE 3.5-2. 

3.5.3 Environment 

3.5.3.1 Range 

The engine, with prescribed propellant conditioning shall b e  
capable of startup, steady s t a t e  operation and shutdown a t  a l l  
prescribed thrust levels l i s t e d  f o r  the environmental conditions 
l i s t e d  in Table 3.5-1. 
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Figure 3.572 

Table 3.5-1 : Environmental Range For Normal Engine Operation 

CONDITION 

Temperature, O F  

Barometic Pressure, Startup, in.-Hg. 

Relative Humidity, % 

Noise Level, db 

MINIMUM MAXIMUM 

0.0 

60.0 
100.0 
130.0 
PROP890223-2.0 

1 0  



3.5.3.2 S t o r a g e / T r a n s p o r t  

W h e n  p a c k a g e d  f o r  s t o r a g e / t r a n s p o r t ,  t h e  e n g i n e  s h a l l  n o t  
d e g r a d e  t o  t h e  e x t e n t  t h a t  i t  will n o t  p e r f o r m  in a n o r m a l  
m a n n e r .  N o n - m e t a l l i c  m a t e r i a l s  s h a l l  h a v e  a n  i n s t a l l e d  s h e l f  
l i f e  o f  f i v e  y e a r s .  T h e  e n g i n e  s h a l l  b e  s t o r e d  a n d  t r a n s p o r t e d  
i n  a p r e s s u r i z e d  c o n t a i n e r  c o n t a i n i n g  a d e s i c a n t .  T h e  

t e m p e r a t u r e  r a n g e  f o r  s t o r a g e  a n d  t r a n s p o r t a t i o n  s h a l l  b e  -60°F 
to  +160°F. M a x i m u m  s h o c k  l o a d s  will be +6 g’s h o r i z o n t a l  a n d  + 2 
g’s v e r t i r a l .  

3.5.4 In t e r c h a n g e a b i  1 i t y  

All m a j o r  c o m p o n e n t s ,  i.e. t u r b o p u m p s ,  t h r u s t  c h a m b e r s ,  
n o z z l e  s k i r t s  e t c .  s h a l l  b e  p h y s i c a l l y  i n t e r c h a n g a b l e  w i t h o u t  
d e g r a d a t i o n  o f  e n g i n e  p e r f o r m a n c e ,  w e i g h t ,  e n v e l o p e ,  a n d  w i t h o u t  
r e q u i r i n g  e n g i n e  r e c a l i b r a t i o n .  

3.6 1)ESIGN CONSIDERATIONS 

3.6.1 S t r u c t u r a l  

S t r u c t u r a l l f a t i g u e  c r i t e r i a ,  D o c u m e n t  R S S - 8 5 6 1 - 2 1 ,  
S t r u c t u r a l  L o a d  C r i t e r i a  f o r  SSME d a t e d  Jan 1983, a r e  t o  b e  u s e d  
f o r  a d e s i g n  g u i d e  o n l y .  D e t a i l e d  s t r u c t u r a l  a n a l y s e s  will b e  
p e r f o r m e d  a t  t h e  n e x t  s t a g e  o f  t h e  d e s i g n  a c t i v i t y ,  i.e. 
p r e l i m i n a r y  design. 

3.6.2 L i q u i d  O y x g e n  C o m p a t i b i l i t y  

M a t e r i a l s  in c o n t a c t  with o x y g e n  s h a l l  b e  ( o r  h a v e  b e e n )  
t e s t e d  f o r  c o m p a t i b l i t y  in a c c o r d a n c e  with NASA M S F C - S P E C - l 0 6 B ,  
t e s t i n g  c o m p a t i b i l i t y  o f  m a t e r i a l s  f o r  l i q u i d  o x y g e n  s e r v i c e .  

1 1  



3.6.3 O x i d i z e r - R i c h  G a s  C o m p a t i b i l i t y  

M a t e r i a l s  o f  c o n s t r u c t i o n  in c o n t a c t  w i t h  o x i d i z e r - r i c h  
g a s e s  s h a l l  b e  ( o r  h a v e  b e e n )  t e s t e d  in a c c o r d a n c e  w i t h  NASA 
d o c u m e n t  NHB 8060, F l a m m a b i l i t y ,  O d o r ,  a n d  O f f g a s s i n g  
R e q u i r e m e n t s  a n d  T e s t  P r o c e d u r e s  f o r  M a t e r i a l s  in E n v i r o n m e n t s  
that S u p p o r t  C o m b u s t i o n .  

3.6.4 P r o t e c t i v e  T r e a t m e n t s  

P r o t e c t i v e  t r e a t m e n t s / c o a t i n g s  m a y  b e  u s e d  t o  e x t e n d  t h e  
s e r v i c e  l i f e  o f  t h e  e n g i n e .  No p r o t e c t i v e  t r e a t m e n t  s h a l l  b e  
u s e d  s u c h  t h a t  i t s  o m i s s i o n  o r  d e t e r i o r a t i o n  w o u l d  c a u s e  a 

engine/vehicle/personnel s a f e t y  h a z a r d .  

3.6.5 Flammability/Embrittlement 

M a t e r i a l s  o f  c o n s t r u c t i o n  s h a l l  be s e l e c t e d  f r o m  c a n d i d a t e s  
h a v  i ng k n o w n  .r 1 a m m a  b i 1 i t y /  e m b  r i t t 1 c u e  n t c h a  r a c t e r i s t i c s , a n d  
d e s i g n  m a r g i n s  s h a l l  b e  d e f i n e d .  

3.6.6 M a r g i n  t o  I g n i t i o n ,  MS P a r a m e t e r  M e t h o d  

T h e  MS P a r a m e t e r  t r a n s i e n t  and s t e a d y  s t a t e  v a l u e s  s h a l l  b e  
c o m p u t e d  f o r  a l l  m a t e r i a l s  in c o n t a c t  w i t h  o x y g e n  o r  o x i d i z e r -  
r i c h  g a s e s .  T h e  m a r g i n  f r o m  i g n i t i o n  s h a l l  b e  c o m p u t e d  b a s e d  
u p o n  NASA MSFC SPEC N o .  (TBD). 

3.7 PARAMETRIC DATA 

T h e  f o l l o w i n g  p a r a m e t r i c  d a t a  a p p l y  t o  t h i s  e n g i n e  o n l y .  

T h e s e  d a t a  c o n v e y  t h e  d u a l  o p e r a t i n g  m o d e s  o f  t h i s  h i g h  m i x t u r e  
r a t i o  b o o s t e r  m o d e  e n g i n e  a n d  c o n v e n t i o n a l  m i x t u r e  r a t i o  
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s u s t a i n e r  m o d e  engine. 
3.7.1 F l o w  S c h e m a t i c  

T h e  e n g i n e  f l o w  s c h e m a t i c  i s  s h o w n  in F i g u r e  3.7-1. T h e  
o x i d i z e r  b o o s t e r  p u m p s  a r e  d r i v e n  b y  t u r b i n e s  w h i c h  o p e r a t e  in 
p a r a l l e l  w i t h  t h e  m a i n  t u r b i n e s .  T h e  f u e l  b o o s t e r  p u m p s  a r e  
d r i v e n  w i t h  h y d r o g e n  g a s  v a p o r s  f r o m  t h e  t h r u s t  c h a m b e r  
r e g e n e r a t i v e  c o o l a n t  c i r c u i t  ( s i m i l a r  t o  SSME). A p p r o x i m a t e l y  

t w e n t y  p e r c e n t  o f  t h e  h y d r o g e n  i s  u s e d  f o r  t h i s  r e g e n e r a t i v e  
c o o l a n t  flow. 

3.7.2 F l o w  R a t e  S c h e d u l e  

T h e  f l o w  r a t e  s c h e d u l e  i s  s h o w n  F i g u r e  3.7-2. T h e  f l o w  
rate s c h e d u l e  p e r t a i n s  t o  the b o o s t e r  m o d e  of o p e r a t i o n .  

3.7.3 P r e s s u r e  S c h e d u l e  

The p r e s s u r e  s c h e d u l e  s h o w n  in F i g u r e  3.7-3 i s  t o  b e  u s e d  
w i t h  t h e  f l o w  s c h e m a t i c  s h o w n  in F i g u r e  3.7-1. T h e  p r e s s u r e  
s c h e d u l e  p e r t a i n s  t o  the b o o s t e r  m o d e  o f  o p e r a t i o n .  

3.7.4 T e m p e r a t u r e  S c h e d u l e  

T h e  t e m p e r a t u r e  s c h e d u l e  i s  s h o w n  in F i g u r e  3.7-4. T h e  
t e m p e r a t u r e  s c h e d u l e  p e r t a i n s  t o  t h e  b o o s t e r  m o d e  o f  operation. 
N o t e  t h e  m o d e s t  t u r b i n e  inlet t e m p e r a t u r e s .  

3.7.5 S p e c i f i c  P a r a m e t e r s  

T h e  d a t a ,  in T a b l e  3.7-1 p r o v i d e s  s p e c i f i c  i n f o r m a t i o n  

c o n c e r n i n g  t h e  d e s i g n  o f  t h e  engine. T h e s e  p a r a m e t e r s  s h o w  t h e  

c o n s e r v a t i v e  d e s i g n  v a l u e s  u s e d  f o r  t h i s  engine. 
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TABLE 3.7-1 

-STAGE 

PARAMETER BOOSTER 

THRUST, VACUUM, l b s  836,000 

MIXTURE RATIO 12 

CHAMBER PRESSURE, psia 3600 

AREA RATIO,EXIT/THROAT 16 

SPECIFIC IMPULSE, se c o n d s  370 

THROAT DIAWTER, inch 13.3 

WEIGHT FLOWRATE, l b / s e c  2260 

OXIDIZER WEIGHT F L m ,  l b / s e c  2086 

FUEL WEIGHT FLOW, l b / s e c  174 

BULK DENSITY PROPELLANTS, lb/cu.ft 33 

APPROXIMATE THRUST (VAC)/WEIGHT 9 9  

5 5 0 , 0 0 0  

6 

2400 

60 

454 

13.3 

1217 

1043 

174 

22 
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NOMENCLATURE 

APPENDIX D 
DWT DRAWING LIST 

Impact Tester Assembly 
Cell Assembly 

Upper Housing 
Center Housing 

Center Housing 
Weld Assembly, Center Housing 

Housing, Preweld 
Ring, Preweld 

Base Housing 
Weld Assembly, Base Housing 

Base, Preweld 
Ring, Preweld 

Heater Barrel 
Barrel 

Weld Assembly, Barrel 
Barrel 
Tu be 

Striker 
Striker Tip 
Cup-Specimen 
Retainer, Insulator 
Disc Assembly, Insulator 

Disc 
Ring 

Sample 
Nut, Gland 
Washer, Backing 
Spool 
Stud 

Stud 
Insulator 

Insulator Blank 
H eate r Coil 
Stud 
Washer 

Base Plate 
Base 

Strut Assembly 
Clamp Bar Assembly 

DRAWING NUMBER* 

3 0 0 0 5 0 - 1  
3 0 0 0 4 6 - 1  

4 0 0 0 3 1 - 1  
3 0 0 0 2 7 - 1  

4 0 0 0 3 2 - 1  
4 0 0 0 5 2 - 1  

4 0 0 0 5 8 - 1  
4 0 0 0 5 9 - 1  

4 0 0 0 3 3 - 1  
4 0 0 0 5 1 - 1  
4 0 0 0 5 6 - 1  
4 0 0 0 5 7 - 1  

3 0 0 0 4 5 - 1  
4 0 0 0 3 4 - 1  

4 0 0 0 5 3 - 1  
4 0 0 0 6 1 - 1  
4 0 0 0 6 2 - 1  

4 0 0 0 3 5 - 1  
R S 5 0 0 5 2 6 6 - X  
4 0 0 0 2 5 - 1  
3 0 0 0 4 4 - 1  
4 0 0 0 4 9 - 1  

4 0 0 0 5 4 - 1  
4 0 0 0 5 5 - 1  

4 0 0 0 1  2 - 1  
4 0 0 0 3 7 - 1  
4 0 0 0 3 8 - 1  
4 0 0 0 3 9 - 1  
3 0 0 0 2 4 - 1  

4 0 0 0 4 0 - 1  
3 0 0 0 6 1 - 1  

3 0 0 0 6 0 - 1  
4 0 0 0 4 3 - 1  
3 0 0 0 7 5 - 1  
4 0 0 0 4 1 - 1  

' 3 0 0 0 3 0 - 1  
R S 0 0 3 0 7 1  

' R S 0 0 3 0 7 2  
' R S 0 0 3 0 7 3  

DwTBoo30&1.0 



NOMENCLATURE 

APPENDIX D (Continued) 
DWT DRAWING LIST 

Plummet Assembly 
Body Plummet 
Roller, Plummet 
Nut, Plummet 
Nose, Plummet 
Support, Plummet 
Bushing, Plummet 
Spacer, Plummet 
Support, Plummet 
Spider, Plum men t 
Bushing, Plummet 

Support Plummet Lift-Outer 
Support Plummet Lift, Inner 

Support, Lift Trigger 

Clamp Assembly, Plummet Catcher 

Support Plummet Lift, Inner 

Support, Lift Trigger 

Bracket 
Clamp 
Latch 
Magnet, Electro 

Top Plate Assembly 
Top Plate Assembly 

Pulley 
Bolt 
Roller 
Clamp Assembly 

Clamp 
Clamp 
Plate 

Bracket Asse m bl y 
Base Assembly 

Angle 
Plate 
Angle 
Plate 

DRAWING NUMBER* 

R O O 1 9 3 8 7  
R S 0 0 5 2 5 1  
R S 0 0 5 2 5 3  
R S 0 0 5 2 5 4  
R S 0 0 5 2 5 5  
R S 0 0 5 2 5 6  
R S 0 0 5 2 6 0  
R S 0 0 5 7 2 5  
R O O 1 9 3 8 5  
R O O 1 9 3 8 6  
R O O 1 9 3 8 8  

4 0 0 0 6 5 - 1  
3 0 0 0 4 1 - 1  

3 0 0 0 5 1 - 1  

3 0 0 0 4 7 - 1  

R S 0 0 5 2 7 2  

R S 0 0 5 7 2 1  

3 0 0 0 4 8 - 1  
R S 0 0 3 0 7 4  
R S 0 0 5 2 6 3  
R S 0 0 5 2 5 9  

R S 0 0 3 0 7 5  
3 0 0 0 4 2 - 1  

R S 0 0 5 2 7 5  
R S 0 0 5 2 7 4  
R S 0 0 5 7 2 0 - 0 0 5  
3 0 0 0 5 2 - 1  

3 0 0 0 5 2 - 2  
3 0 0 0 5 2 - 3  
3 0 0 0 5 2 - 4  

3 0 0 0 4 9 - 1  
3 0 0 0 4 9 - 2  

3 0 0 0 4 9 - 3  
3 0 0 0 4 9 - 4  
3 0 0 0 4 9 - 5  
3 0 0 0 4 9 - 6  

3000XX Series - Acurex Drawings 
4000XX Series - Cryomec Propulsion Inc. Drawing 
R & RS Series - Rocketdyne Drawings - No copies furnished with this report. DW890308-I. 1 
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DROP WEIGHT TESTER 
SYSTEM DESIGN DESCRIPTIOS 

1.0 DESIGN DESCRIPTION 

1.1 SYSTEM DESCRIPTION 

The h i g h  p r e s s u r e ,  h i g h  t e m p e r a t u r e  d r o p  w e i g h t  s y s t e m  is 
located in T e s t  B a y  #3 in Building 4623 at MSFC. T h e  s y s t e m  
consists of a drop weight test (IYWT) assembly, a control system, 
a h i g h  pressure o x y g e n  c o m p r e s s o r ,  v a l v e s ,  pressure regulators 
and interconnecting g a s  lines. The DWT as s e m b l y ,  the o x y g e n  
c o m p r e s s o r  and m o s t  o f  the v a l u e s ,  regulators a n d  gas lines a r e  
located in the test b a y  proper. The control c o n s o l e  a n d  a 
nitrogen supply panel are located in the control r o o m  adjacent t o  

the test bay. Figure E - 1  is the schematic of the system for GOX 
operation.. 

1.2 COMPONENT DESCRIPTION 

1.2.1 DAT Assembly 

T h e  DWT a s s e m b l y  c o n s i s t s  o f  a t o w e r  a s s e m b l y ,  a p l u m m e t  
a s s e m b l y ,  a cell a s s e m b l y ,  a p l u m m e t  catcher a s s e m b l y ,  and a 
p l u m m e t  l a t c h  assembly. The DWT a s s e m b l y  is s h o w n  in F i g u r e  
E-2. 

1.2.1.1 Tower Assembly 

The tower assembly consists of a base plate, three struts, a 

c l a m p  bar and a t o p  plate. W h e n  a s s e m b l e d  the struts f o r m  a n  
equilateral triangle with the clamp bar off to one side. 
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The base plate is 18 inches square by four inches thick and 
is made of 321 steel. The plate contains the necessary holes to 
m o u n t  the s t r u t s ,  c l a m p  bar and cell assembly. F o u r  h o l e s  h a v e  
been provided to permit anchoring the assembly in a test bay. 

The three s t r u t s  are identical t w o  inch s q u a r e  bars 75 
inches long. E a c h  bar h a s  a flange w e l d e d  on e a c h  end f o r  
a t t a c h m e n t  to the base plate and top plate. B a r  a n d  f l a n g e  
material is 321 steel. 

T h e  c l a m p  bar is exactly like the struts except t w o  i n c h h e x  
bar is used. 

The top plate is a n  18 inch d i a m e t e r  by o n e  inch t h i c k  plate 
m a d e  o f  321 steel. T h e  plate h a s  a bolt h o l e  p a t t e r n  that 
m a t c h e s  the bolt h o l e  p a t t e r n  o f  the base plate f o r  the struts 
and c l a m p  bar. T h e  top side of the plate contains t w o  brackets 
for pulleys. 

1.2.1.2 Plunnnet Assembly 

T h e  p l u m m e t  a s s e m b l y  consists of a body, t w o  s p i d e r s ,  s i x  
r o l l e r  supports, a nose piece, a top plate and twelve rollers. 

The body is a 2 . 5  inch d i a m e t e r  bar 9 . 2 5  inches long with a 
3.3 inch diameter by 0.30 inch thick flange 1.25 inches f r o m  each 
end. E a c h  end o f  the bar c o n t a i n s  2.500-12UN-3A by 0.55 i n c h  
long threads. T h e  t o p  of the bar is d r i l l e d  and tapped with 
0.500-20 UNF-3B by 0.80 inch deep and the bottom contains 0.875- 
14UNF-3B by 0.80 i n c h  d e e p  threads. T h e  center o f  the bar h a s  
been drilled to reduce weight. The body material is 321 steel. 
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T h e  s p i d e r s  are identical with one located on e a c h  end of 
the body. The spider h a s  three a r m s  120 d e g r e e s  apart. T h e  
spider is 0.625 i n c h  thick with a 2.5 inch d i a m e t e r  h o l e  in the 
center. Each spider is pinned to the flange on the body and held 
o n t o  the body with locking nuts. E a c h  a r m  o f  the body h a s  t w o  
holes for mounting roller supports. The spider material is 6061- 
T6 aluminum alloy. 

The roller support is a rectangular s h a p e d  bracket 2 . 4 7  

inches long by 2.45 inches w i d e  with a n  overall thickness of 0.75 
inches. The support contains two slots 0.355 inches w i d e  by 0.77 
inches d e e p  and 90 de g r e e s  apart at one end. T h e  o t h e r  end h a s  
been m a c h i n e d  to a lesser thickness ( 0 . 2 0  inch) in a u - s h a p e d  
c o n f i g u r a t i o n  to m a t e  with the spider arm. T w o  slotted h o l e s  
have been drilled in this end to mate to holes in the spider arm. 
T h e  support m a t e r i a l  is 304 steel. T h e  roller is a 1 . 0 6 0  i n c h  
d i a m e t e r  by 0.350 inch thick wheel m a d e  o f  Delrin. T w o  r o l l e r s  
are mounted on each roller support. 

The n o s e  p i e c e  is 3.2 inches long overall. T h e  n o s e  piece 
starts w i t h  a shaft that contains 0.875-14UNF-3A by 0.50 inches 
long threads. The shaft extends a n  additional 0.85 inches at a 
0.75 inch diameter. T h i s  is expanded to a hex h e a d  that is 2.00 
inches a c r o s s  flats by 0.35 inches thick. A 2 . 0 0  inch d i a m e t e r  
is then held for 0.25 inches than tapered to a 1.00 inch diameter 
over the last 1.25 inches. The n o s e  piece m a t e r i a l  is 4 4 0 C  

steel. 

The top plate is 1.5 inches thick with a 3.50 inch diameter 
f o r  o n e  inch o f  the thickness and a 1.00 inch d i a m e t e r  f o r  t h e  
other 0.50  inch thickness. A 0.531 inch diameter hole is drilled 
through the center. The top plate material is 4 1 6  steel. 
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T h e  p l u m m e t  a s s e m b l y  w e i g h s  20.0 f 0.2 pounds. T h e  o u t e r  
surface of the body is final machined to obtain this weight. 

1.2.1.3 Plumnet Catcher Assembly 

T h e  p l u m m e t  catcher a s s e m b l y  consists o f  a n  air c y l i n d e r ,  
pulleys, a cable and a catcher. 

The air cylinder is a 30 inch long Parker Hannifin, Series C 
unit. Clamps ?ave been provided to mount the unit on one of the 
flat surfaces of the tower assembly clamp bar. 

The p u l l e y s  are 2.0 inches in d i a m e t e r ,  0.450 inches t h i c k  
w i t h  a 0.25 inch d e e p  are groove and a 0.391 h o l e  through the 
center. The pulley material is 321 steel. 

The catcher is m a d e  u p  of two vee shaped clamps when bolted 
together have a 2.0 inch square hole in the center. Each vee leg 
of the c l a m p  is 3.80 inches w i d e  b y  1.00 inch t h i c k  and 4.50 
inches long. E a c h  leg contains a slot at the top and b o t t o m  
1.875 inches out f r o m  the vee corner that is 0.312 inches w i d e  by 
0.875 inches deep. These slots contain rollers 0.966 inches dia- 
m e t e r  by 0.30 inches thick. The catcher material is 304 steel. 

A 0.125 inch diameter steel cable connects the air cylinder 
to the catcher v i a  the t w o  p u l l e y s  m o u n t e d  on the tap p l a t e  o f  
the tower assembly. 

1.2.1.4 Plumnet Latch Assembly 

T h e  p l u m m e t  l a t c h  a s s e m b l y  consists o f  a c l a m p ,  m a g n e t ,  
solenoid, latch, brackets and a microswitch. 
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The c l a m p  i s  a rectangular p l a t e  3.25 inches w i d e  b y  9.50 
inches long. The c l a m p  i s  3.0 inches thick for 4.35 inches o f  
length and 0.75 inch thick the remainder of the length. The 
thickest section contains a hex opening 2.00 inches a c r o s s  the 
f l a t s .  A 0.125 inch w i d e  s l o t  has been cut into the hex opening 
a t  the end o f  the c l a m p  t o  provide the spring action required for 
fastening the c l a m p  onto the t o w e r  assembly c l a m p  bar. A 1.00 
inch long by 0.50 inch w i d e  s l o t  i s  l o c a t e d  6.00 inches f r o m  the 
a r e a  o f  the clamp. The clamp contains appropriate holes in the 
s i d e s  and in the 0.75 thick section f o r  attachment o f  the 
solenoid bracket, the magnet and the microswitch bracket. The 
clamp m a t e r i a l  is 321 s t e e l .  

The magnet i s  a 24 Vdc electromagnet that i s  3.50 inches in 
d i a m e t e r  by 2.55 inches long and contains a hole in the top that 
contains 0.500-20UNF-3B by  0.5 inch d e e p  threads. 

The solenoid i s  a 24 Vdc solenoid w i t h  a plunger that i s  

machined f l a t  on the end t o  f i t  into the latch. 

The latch i s  a 6.40 inch long b y  0.50 inch w i d e  by 0.25 inch 
thick bar., The latch i s  s t e p p e d  out t o  0.75 inches w i d e ,  0.50 
inches f r o m  the b o t t o m  t o  provide a hook, then t a p e r e d  t o  the 
b o t t o m  a t  a 45 d e g r e e  angle. The top contains a 0.110 inch w i d e  
by 0.50 inch d e e p  groove t o  mate w i t h  the solenoid plunger. A 
0.25 inch d i a m e t e r  hole, 2.25 inches f r o m  the top has been 
d r i l l e d  through the bar. The latch is m a d e  of 321 s t e e l .  

The microswitch is a m o d e l  SCB103765, Electro-line Inc., 24 
Vdc switch. 

Three brackets a r e  attached t o  the clamp. One i s  u-shaped 
and b o l t s  t o  the top o f  the clamp t o  hold the solenoid. A s m a l l  
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L-shaped c l a m p  b o l t s  to the top o f  the c l a m p  for a spring 
attachment point. The other end of the spring attaches to the 
latch. A third bracket is a rectangular flat plate that attaches 
to the s i d e  of the clamp and holds the microswitch. 

1.2.1.5 Cell Assembly 

The c e l l  assembly i s  shown in Figure E - 3  and a s  can b e  
seen i s m a d e  up of numerous parts. T h e m a j o r  parts a r e  the upper 
housing, center housing, lower housing, barrel and striker. 

The upper housing i s  5.937 inches in diameter and i s  3.35 
inches long. The housing has four holes, equally spaced, 0.688 
inch diameter thru, on a 4.00 inch d i a m e t e r .  The top side of 
these holes has been countersunk 1.359 inches w i t h  a 1.688 inch 
diameter. The center section has been opened from the bottom to 
a depth of 1.787 inches w i t h  a 3.156 inch diameter then stepped 
down t o  a 2.966 inch d i a m e t e r  f o r  0.827 inches. T w o  0.188 inch 
d i a m e t e r  holes have been d r i l l e d  from the outer surface into this 
cavity, each diameter and each hole contains 0.250 N P T  threads 
0.50 inches deep. In the center, f r o m  the top, a 0.656 inch 
d i a m e t e r  hole w a s  drilled through. The upper part of this hole 
w a s  counterbored 1.280 inches deep. The lower 0.431 inches has a 
0.996 inch d i a m e t e r ,  the t o p  0.190 inches has a 2.063 inch 
diameter and the remainder contains 1.250-12UNF-3B threads. The 
bottom surface has six holes equally spaced on a 5.57 inch 
diameter that contain 0.164-32UNC-3B by 0.45 inch deep threads. 
The housing w a s  annealed and aged to R c  34-36 prior to final 
machining. 

The center housing has an overall length of 2.744 inches. 
From the bottom, the housing has a 5.052 inch diameter for 0.103 
inches that opens to a 5.25 inch d i a m e t e r  for 1.775 inches then 
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Figure E-3: Cell Assembly 



opens to a 5.937 inch d i a m e t e r  f o r  0.241 inches. The d i a m e t e r  
then i s  1.625 inches f o r  the l a s t  0.655 inches. Six 0.211 inch 
d i a m e t e r  holes, equally s p a c e d  on a 5.57 inch d i a m e t e r  a r e  in the 
l a r g e s t  d i a m e t e r  section. A 0.625 inch d i a m e t e r  hole passes 
through the center of the housing. The upper p a r t  of this hole 
w a s  counterbored 1.15 inches deep. The lower 0.506 inches has 
a 0.996 inch d i a m e t e r  and the upper portion contain 1.250-12UNF- 
3B threads. T w o  grooves have been machined in the top surface 
that expands from 1.625 inches to 5.937 inches in diameter, one 
t o  a 4.876 inch d i a m e t e r  0.111 inches d e e p  and the other to a 
3.25 inch d i a m e t e r  0.374 inches deep. Seventeen 0.062 inch 
d i a m e t e r  holes, spaced o n  an eighteen equal spacing, have been 
d r i l l e d  in the bottom of the lower groove into a channel inside 
the housing. A 0.0188 inch d i a m e t e r  hole, containing 0.250 N P T  
threads at the outer portion has been d r i l l e d  into this inner 
channel. The housing a l s o  contains t wo connecting holes, one 
d r i l l e d  f r o m  the outer surface inward and the other from the 
b o t t o m  surface upward. The holed d r i l l e d  from the outer surface 
contains 0.250-20UNC-2B by 1.00 inch deep threads. The bottom 
surface has been machined t o  hold a conoseal gasket and a 

m e t a l l i c  "0" ring. Four 0.688 inch d i a m e t e r  holes equally s p a c e d  

on a 4.00 inch d i a m e t e r  have been d r i l l e d  through the housing. 
The housing m a t e r i a l  is 718 Inconel that w a s  annealed and a g e d  to 
R, 34-36 prior t o  final machining. 

The lower housing ( c e l l  b a s e )  i s  3.22 inches long w i t h  the 
bottom 1.38 inches being a 5.5 inch square and the top 1.84 
inches having a 5.25 inch d i a m e t e r .  Four, 0.562 inch diameter 
holes, equally spaced on a 6.12 inch d i a m e t e r  have been drilled 
through the bottom section. Four, 0.830 inch d i a m e t e r  by 1.25 
inches deep holes, equally spaced on a 4.0 inch d i a m e t e r  have 
been d r i l l e d  into the top section of the ba s e .  These four holes 
each contain an insert with 0.625-llUNC-2B threads. From the 
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top, the center of the housing has been opened to a d i a m e t e r  of 
2.75 inches 1.912 inches deep, then s t e p p e d  to a 1.015 inch 
d i a m e t e r ,  an additional 0.743 inches deep. Four, 0.250 inch 
d i a m e t e r  holes on a 1.625 inch d i a m e t e r  have been d r i l l e d  through 
the housing. The lower portion of the housing contains a inner, 
circular channel that has an 3.06 inch outer d i a m e t e r  and a 2.18 
inch inner d i a m e t e r  and i s  0.875 inches d e e p .  Eighteen, 0.062 
inch d i a m e t e r  holes equally s p a c e d  on a 2.3 inch diameter have 
been d r i l l e d  into the top of this channel. Three slots have been 
cut into the top cylinder. T w o  slots, 180 d e g r e e s  apart, a r e  
0.25 inch w i d e  by 0.65 inch d e e p .  The third slot i s  90 d e g r e e s  
f r o m  the other slots and i s  0.42 inch w i d e  by 1.59 inches d e e p .  
The housing m a t e r i a l  Inconel 718 and w a s  annealed and a g e d  to Rc 
40-44 prior to final machining. 

The heater b a r r e l  i s  1.863 inches long and has a m a j o r  out- 
s i d e  d i a m e t e r  of 2.04 inches. F r o m  the top, the b a r r e l  has an 
opening 1.015 inches in d i a m e t e r  by 1.329 inches d e e p .  The top 
surface o f  the b a r r e l  has been machined t o  m a t c h  the sealing 
surfaces o f  the center housing. Four holes have been d r i l l e d  
into the b o t t o m  of the b a r r e l .  The holes a r e  equally spaced on a 
1.625 inch d i a m e t e r ,  0.56 inch d e e p ,  and t a p p e d  with 0.190-32UNF- 
2B threads. The b a r r e l  has inlet and outlet high pressure g a s  
lines, 180 d e g r e e s  a p a r t .  The bottom 0.890 inches o f  the m a j o r  
d i a m e t e r  contains single right hand threads, 16 p e r  inch. T h e  
b a r r e l  m a t e r i a l  i s  Inconel 718 and w a s  annealed and a g e d  to Rc 
40-44 prior to final machining. 

The striker i s  a one p i e c e  piston and rod. The overall 
length i s  5.756 inches. The rod has 0.622 inch diameter. The 
piston i s  0.70 inch thick w i t h  a d i a m e t e r  of 2.991 inches. The 
piston i s  grooved on the outer d i a m e t e r  for an O m ni s e a l .  T h e  
bottom of the piston is 2.284 inches above the bottom of the rod. 
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T h e  b o t t o m  o f  t h e  r o d  i s  d r i l l e d  a n d  t a p p e d  w i t h  0.250-28UNF-3B 
t h r e a d s .  The s t r i k e r  m a t e r i a l  i s  I n c o n e l  728 a n d  w a s  a n n e a l e d  
a n d  a g e d  t o  Rc 40-44 pr i o r  t o  f i n a l  m a c h i n i n g .  

W h e n  a s s e m b l e d ,  t h e  c e l l  a s s e m b l y  c o n t a i n s  h e a t e r s  a r o u n d  
the barrel, i n s u l a t i o n  a r o u n d  the h e a t e r s ,  t h e r m o c o u p l e s  on t h e  
h e a t e r s  a n d  t h e  b a r r e l ,  a p r e s s u r e  t r a n s d u c e r  m o u n t e d  in t h e  
c e n t e r  h o u s i n g ,  s t u d s  t o  p o s i t i o n  t h e  b a r r e l  in t h e  b a s e  h o u s i n g  
a n d  b o l t s  t h a t  h o l d  t h e  t h r e e  m a i n  h o u s i n g s  t o g e t h e r  a n d  p r o v i d e  
the f o r c e  r e q u i r e d  t o  s e a l  the c e n t e r  h o u s i n g  t o  t h e  barrel. 

1.2.2 H i g h  P r e s s u r e  O x y g e n  C o m p r e s s o r  

T h e  c o m p r e s s o r  is a s i n g l e  s t a g e ,  a i r  driven. p a c k e d  p l u n g e r  
intensifier. All c o m p o n e n t s  e x p o s e d  t o  o x y g e n  s e r v i c e  a r e  m a d e  
f r o m  M o n e l .  T h e  p a c k i n g  i s  g r a p h i t e  f i l l e d  t e f l o n  r e q u i r i n g  no 
l u b r i c a t i o n .  A s i x  i n c h  d i a m e t e r  a i r  c y l i n d e r  d r i v e s  t h e  7 / 1 6  
i n c h  d i a m e t e r  p l u n g e r .  T h e  a i r  c y l i n d e r  i s  s h i f t e d  b y  a 4 - w a y  
p i l o t  o p e r a t e d  v a l v e .  Air f o r  t h e  p i l o t  p a r t s  c o m e s  f r o m  t w o  
t r i p  v a l v e s  l o c a t e d  a t  e a c h  e n d  o f  the c y l i n d e r  s t r o k e .  T h e  
c o m p r e s s o r  i s  a p p r o x i m a t e l y  26 i n c h e s  h i g h  on a 8.5 i n c h  s q u a r e  

base. T h e  b a s e  c o n t a i n s  four h o l e s  for m o u n t i n g  the c o m p r e s s o r  

t o  the f l o o r .  

1.2.3 V a l v e s ,  R e g u l a t o r s ,  I n t e r c o n n e c t i n g  L i n e s  

As c a n  b e  s e e n  in F i g u r e  E - 1 ,  t h e  s y s t e m  c o n t a i n s  n u m e r o u s  
v a l v e s ,  r e g u l a t o r s  a n d  l i n e s  t o  c o n n e c t  a l l  the c o m p o n e n t s .  T h e  
GN2 s y s t e m  p l u m b i n g  c o n s i s t s  o f  1 1 4  i n c h  s t a i n l e s s  s t e e l  t u b i n g  
a n d  28 V d c  s o l e n o i d  v a l v e s .  T h e  s y s t e m  i s  d i v i d e d  i n t o  t h r e e  

s e p a r a t e  s u b s y s t e m s :  a c t u a t i o n ,  c o o l i n g  a n d  b a l a n c e .  T h e  
a c t u a t i o n  a n d  c o o l i n g  s u b s y s t e m s  a r e  0 - 1 5 0  p s i g  a n d  t h e  b a l a n c e  

is 0 - 1 2 0 0  p s i g .  T h e  GOX s y s t e m  p l u m b i n g  c o n s i s t s  o f  1 1 4  i n c h  
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h i g h  p r e s s u r e  s t a i n l e s s  s t e e l  t u b i n g ,  f i t t i n g s  a n d  v a l v e s .  All 
GOX v a l v e s  a r e  GN2 a c t u a t e d .  T w o  m o t o r i z e d  p r e s s u r e  r e g u l a t o r s  
a r e  in t h e  GN2 b a l a n c e  p r e s s u r e  s u b s y s t e m ;  o n e  c o n t r o l s  p r e s s u r e  

t o  t h e  b a l a n c e  p i s t o n ,  t h e  o t h e r  c o n t r o l s  t h e  p r e s s u r e  t o  t h e  
o x y g e n  c o m p r e s s o r .  

1.2.4 C o n t r o l  S y s t e m  

T h e  DWT c o n t r o l  s y s t e m  c o n s i s t s  o f  a n  IBM PCAT c o m p a t i b l e  
c o m p u t e r  t h a t  p e r f o r m s  d a t a  a c q u i s i t i o n  a n d  c o n t r o l  f u n c t i o n s  
n e c e s s a r y  t o  o p e r a t e  the d r o p  w e i g h t  tester. T h e  s y s t e m  c o n t a i n s  
a c o l o r  g r a p h i c s  s c r e e n  that d i s p l a y s  a g r a p h i c  r e p r e s e n t a t i o n  o f  
t h e  t e s t e r  w i t h  r e a l - t i m e  u p d a t e s  o f  p r e s s u r e s ,  t e m p e r a t u r e s ,  
v a l v e  p o s i t i o n ,  a n d  a s t a t u s  o f  the c u r r e n t  c o n t r o l  p r o c e s s  b e i n g  
p e r f o r m e d .  T h e  s y s t e m  is d e s i g n e d  s u c h  that i t  r e q u i r e s  m i n i m a l  
i n p u t  f r o m  t h e  o p e r a t o r  a n d  m o s t  f u n c t i o n s  a r e  c a r r i e d  o u t  
a u t o m a t i c a l l y .  T h e  PCL la n g u a g e  a l l o w s  f o r  e a s y  c h a n g e s  in t h e  
c o n t r o l  p r o c e s s  a n d  q u i c k  d e v e l o p m e n t  o f  n e w  s y s t e m s  u s i n g  t h e  
s a m e  h a r d w a r e .  A v a r i e t y  o f  s e n s o r s  c a n  b e  u s e d  w i t h  t h i s  
s y s t e m ,  s u c h  a s  s t r a i n  g a u g e s ,  a c c e l e r o m e t e r s ,  t h e r m o c o u p l e s ,  a n d  

p r e s s u r e  t r a n s d u c e r s ,  b y  c h a n g i n g  c h a n n e l  d e f i n i t i o n s  in PCL. 
D a t a  f r o m  s e n s o r s  c a n  be d i s p l a y e d  in t a b u l a r  o r  g r a p h i c  f o r m  on 
the c o l o r  d i s p l a y  o r  p r i n t e d  on the d o t - m a t r i x  printer. On-line 
h e l p  s c r e e n s  a r e  a v a i l a b l e  t o  t h e  u s e r  d u r i n g  c o n t r o l  o f  t h e  

t e s t e r  to p r o v i d e  a d d i t i o n  e x p l a n a t i o n  of h o w  t o  u s e  t h e  c o n t r o l  
s y s t e m .  Two s h u t d o w n  m o d e s  a r e  p r o v i d e d  to a l l o w  f o r  u n e x p e c t e d  
m e c h a n i c a l  f a i l u r e s  a n d  b r i n g  the t e s t e r  t o  a s a f e  c o n d i t i o n  
quickly. F i g u r e  E-4 is a b l o c k  d i a g r a m  of t h e  c o n t r o l  s y s t e m .  

1.2.4.1 H a r d w a r e  

T h e  c o n t r o l  s y s t e m  c o n s i s t s  p r i m a r i l y  o f  a n  ITT PCAT 
c o m p u t e r ,  a n  e n h a n c e d  g r a p h i c s  a d a p t e r  (EGA) card, a n  EGA c o l o r  
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m o n i t o r ,  p a r a l l e l  a n d  s e r i a l  ports, a 30MB f l o p p y  d i s c ,  a o n e  MB 
RAM, a n  E p s o n  d o t - m a t r i x  p r i n t e r ,  t w o  d a t a  t r a n s l a t i o n  1/0 c a r d s '  
a n d  a M e t r a b y t e  c o u n t e r / t i m e r  card. 

1.2.4.2 A n a l o g  S u b s y s t e m  

T h e  f o l l o w i n g  i s  a l i s t  o f  i t e m s  t h a t  m a k e  u p  t h e  a n a l o g  
s u b s y s t e m :  

N u m b e r  o f  Input C h a n n e l s  
ADC R a n g e  
P r o g r a m n a b l e  G a i n  R a n g e s  

M a x i m u m  Input V o l t a g e ,  p o w e r  o f f  
M a x i m u m  I n p u t  V o l t a g e ,  power on 
Input I m p e d a n c e  
ADC R e s o l u t i o n  
M a x i m u m  C o n v e r s i o n  R a t e  
ADC A c c u r a c y  

1 6  D i f f e r e n t i a l  
0/+10, - 1 0 / + 1 0  V o l t s  

1 ,  2, 4, 8 

-20/20 V o l t s  

-35/+35 V o l t s  
1 0 0  M e g o h m s  
1 2  Bit, 4096 C o u n t s  
S O k H z ,  20 M i c r o s e c o n d s  

-.03%/+.03% o f  Full S c a l e  

1.2.4.3 D i g i t a l  S u b s y s t e m  

T h e  f o l l o w i n g  i s  a l i s t  o f  i t e m s  t h a t  m a k e  u p  t h e  d i g i t a l  
subsystem: 

N u m b e r  o f  C h a n n e l s  3 2  Input o r  O u t p u t  
N u m b e r  o f  P o r t s  F o u r  8-Bit P o r t s  
( e a c h  port c a n  be c o n f i g u r e s  a s  input o r  o u t p u t )  

1.2.4.4 S o f t w a r e  

T h e  c o n t r o l  s y s t e m  s o f t w a r e  c o n s i s t s  o f  DOS 3.1, Q u i c k  C d e -  
v e l o p m e n t  s y s t e m  a n d  c o m p i l e r ,  PCL p r o c e s s  c o n t r o l  s y s t e m  
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d e v e l o p m e n t  l a n g u a g e  a n d  c u s t o m  c o n t r o l  s o f t w a r e  f o r  w r i t t e n  
in PCL a n d  C. 

1 . 2 . 5  Ins t r u m e n  t a t i on 

T h e  i n s t r u m e n t a t i o n  in t h e  DWT s y s t e m  c o n s i s t s  o f  s e v e n  
p r e s s u r e  t r a n s d u c e r s ,  t h r e e  t h e r m o c o u p l e s ,  t h r e e  p h o t o  c e l l s  a n d  
t w o  m i c r o s w i t c h e s .  

T h e  p r e s s u r e  t r a n s d u c e r s  a r e  V i a t r a n  OEM t r a n s d u c e r s  t h a t  
u t i l i z e  a 12 VDC p o w e r  s u p p l y  a n d  p r o v i d e  DC v o l t a g e  output. T h e  
f o l l o w i n g  l i s t s  t h e  l o c a t i o n  o f  t h e  t r a n s d u c e r  a n d  t h e  r a n g e  o f  
the t r a n s d u c e r .  

GN2 A c t i v a t i o n  P r e s s u r e  S u p p l y  
GN2 C o o l i n g  P r e s s u r e  S u p p l y  
GN2 B a l a n c e  P r e s s u r e  S u p p l y  

Gox S u p p l y  
GOX P u r g e  P r e s s u r e  
GOX C o m p r e s s o r  O u t l e t  P r e s s u r e  
GoX T e s t  C h a m b e r  P r e s s u r e  

0-300 psi 
0-300 psi  
0-1500 psi 

0-5000 psi 
0-300 ps i  

0-15000 psi 
0-15000 psi 

Two of the t h e r m o c o u p l e s  a r e  s p r i n g  loaded, s t a i n l e s s  s t e e l  
sheathed, ungrounded, c h r o m e l - a l u m e l  t h e r m o c o u p l e  that t o u c h  t h e  
s u r f a c e  o f  t h e  h e a t e r s .  T h e  t h i r d  t h e r m o c o u p l e  i s  a c h r o m e l -  
a l u m e l  w a s h e r  t h e r m o c o u p l e  a n d  i s  a t t a c h e d  t o  t h e  o u t e r  b o t t o m  
s u r f a c e  of t h e  barrel. 

T h e  p h o t o  c e l l s  c o n s i s t  o f  i n f r a r e d - e m i t t i n g  d i o d e s  a n d  a 
NPN s i l i c o n  h i g h  s e n s i t i v i t y  p h o t o  t r a n s i s t o r s  with o n e  unit 
m o u n t e d  at t h e  t o p  of the I N F  that s t a r t s  a t i m e r  a s  soon a s  t h e  
p l u m m e t  s t a r t s  t o  drop. T h e  o t h e r  t w o  u n i t s  a r e  n e a r  t h e  b o t t o m  
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a n d  m e a s u r e  t h e  v e l o c i t y  o f  t h e  p l u m m e t  a t  i m p a c t .  T h e  l o w e s t  
unit a l s o  s t o p s  t h e  timer. 

T h e  m i c r o s w i t c h e s  a r e  a r m  a c t i v a t e d  5 VDC s w i t c h e s .  O n e  
s w i t c h  i s  m o u n t e d  n e a r  t h e  t o p  of t h e  DWT to i n d i c a t e  w h e n  
p l u m m e t  is u p  a n d  latched. T h e  o t h e r  s w i t c h  is m o u n t e d  n e a r  t h e  
b o t t o m  o f  the DWT a n d  i n d i c a t e s  t h a t  t h e  p l u m m e t  c a t c h e r  i s  in 
the d o w n  position. 

2.0 MAINTENANCE 

T a b l e  E-1 d e f i n e s  t h e  m a i n t e n a n c e  f o r  t h e  H g h  P r e s s u r e  
D r o p  W e i g h t  T e s t e r .  T h e  m a i n t e n a n c e  i t e m s  d e s c r i b e d  in T a b l e  E - 1  
a r e  n o t  i n t e n d e d  t o  be o p e r a t i n g  p r o c e d u r e s  or j o b  n s t r u c t i o n s .  
W h e r e  a p p l i c a b l e ,  m a n u f a c t u r e r s  m a n u a l s  s h o u l d  b e  u s e d  f o r  
m a i n t e n a n c e .  

3.0 DRAWINGS 

The f o l l o w i n g  d r a w i n g s  a r e  the m a j o r  a s s e m b l y  d r a w i n g s  t h a t  
m a k e  u p  t h e  DWT. T h e s e  d r a w i n g s  in t u r n ,  i d e n t i f y  a l l  t h e  o t h e r  
d r a w i n g s  a n d  c o m p o n e n t s  that m a k e  u p  t h e  f i n a l  a s s e m b l y .  A 
c o m p l e t e  d r a w i n g  list is p r o v i d e d  in A p p e n d i x  G. 

0mliQL TlTLE 
300050 Impact T e s t e r  A s s e m b l y  (Acurex) 

400036 C e l l  A s s e m b l y  (Cryomec) 
RS00527 1 X  Impact T e s t e r  A s s e m b l y  ( R o c k e t d y n e )  

4.0 SPARE PARTS 

T a b l e E - 2  i s  a s u g g e s t e d  l i s t  o f  s p a r e  p a r t s  a n d  p r o v i d e s  
v e n d o r s  f r o m w h o m  the o r i g i n a l  p a r t s  w e r e  purchased. 
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DROP WEIGHT TESTER 
DAS 

OPERATING MANUAL 

1.0 STARTUP 

Turn on D A S  using m a i n  p o w e r  switch o n  front of rack. I f  
screen i s  s t i l l  blank a f t e r  30 seconds check to s e e  i f  the 
monitor power switch i s  on. Various startup m e s s a g e s  will appear 
on the screen and end w i t h  a prompt "C:\>". At the prompt type 
DWT and press return. 

2.0 MAIN MENU 

On the main menu a r e  4 selections: 
1 )  system parameters (section 3 . 0 )  

2 )  run t e s t  (section 4 . 0 )  

3 )  t e s t  analysis (section 5 . 0 )  

4 )  e x i t  system 

B e l o w  the m e n u  i s  the number of t e s t s  that have been run under 
the current configuration. I f  a t e s t  w a s  aborted through the use 
o f  one o f  the shutdown keys this number will not i n c r e m e n t .  T o  

s e l e c t  a m e n u  item p r e s s  the highlighted l e t t e r  in that item. 
The exit system selection will return you to the DOS prompt, to 
r e s t a r t  the DAS type IlwT and press return. 

3.0 CONFIGURING A TEST 

3.1 H o w T o  Enter Data 

After entering the system parameters screen 

F- 1 
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f r o m  t h e  m a i n  m e n u  s e l e c t i o n ,  t e s t  d a t a  will b e  d i s p l a y e d  t o  b e  
v i e w e d  o r  c h a n g e d .  T h e  p r o m p t  a t  t h e  b o t t o m o f  t h e  s c r e e n  s h o u l d  
read "Enter Selection", w h e n e v e r  this a p p e a r s  the u s e r  c a n  s e l e c t  
w h i c h  o p t i o n  t o  e d i t .  O p t i o n s  a r e  s e l e c t e d  b y  p r e s s i n g  t h e  
h i g h l i g h t e d  l e t t e r  in t h e  o p t i o n  d e s c r i p t i o n .  T h e  p r o m p t  will 
c h a n g e  t o  a s k  f o r  t h e  p r o p e r  d a t a  f o r  t h e  s e l e c t e d  i t e m .  To 
enter a b l a n k  e n t r y  f o r  a n  i t e m ,  p r e s s  r e t u r n  only at t h e  p r o m p t .  
To c h a n g e  a n  e n t r y ,  s e l e c t  t h e  i t e m  a n d  r e t y p e  t h e  n e w  v a l u e .  
P r e s s i n g  t h e  r e t u r n  key a t  a n y  t i m e  will r e s t o r e  t h e  "Enter 
S e l e c t i o n "  p r o m p t .  All e n t r i e s  m a y  b e  t y p e d  in e i t h e r  u p p e r  o r  
l o w e r  case. T o  exit a n d  save all c h a n g e s  p r e s s  t h e  "X" key. 

4.0 RUNNING A TEST 

S e l e c t i n g  "R" f r o m  t h e  m a i n  m e n u  b r i n g s  u p  t h e  s y s t e m  
s c h e m a t i c  f o r  d i s p l a y i n g  the s t a t u s  o f  the t e s t  in g r a p h i c  a n d  
n u m e r i c a l  f o r m .  

4.1 S y m b o l  D e f i n i t i o n s  

T h e  s t a t u s  s c r e e n  h a s  s e v e r a l  s y m b o l s  t h a t  r e p r e s e n t  
p h y s i c a l  h a r d w a r e  in the s y s t e m  or d a t a  point. 

O v a l s  - P r e s s u r e  a n d  t e m p e r a t u r e  s e n s o r  r e a d i n g s  

C o n n e c t i n g  l i n e s  - P i p e s  b e t w e e n  v a l v e s  a n d  f i x t u r e s  

D o u b l e  t r i a n g l e s  - V a l v e s  or r e g u l a t o r s  u n d e r  c o m p u t e r  
c o n t r o l  

I f  a p i p e  o r  v a l v e  t u r n s  r e d ,  i t  i n d i c a t e s  t h a t  s o m e  
p r e s s u r e  i s  p r e s e n t .  A g r e e n  p i p e  o r  v a l v e  i n d i c a t e s  a m b i e n t  
c o n d i t i o n s .  
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4 . 2  MESSAGE FORMATS 

1. Waiting For An Event 

A sensor name and setpoint will be displayed in the lower 
l e f t  corner of the screen. When the sensor valve reaches the 
setpoint the program will continue with the next control step. 

2 .  Waiting For Operator Input 

The program will not continue until the operator has 
pressed a key to show that he is ready to proceed. A m e s s a g e  
will be  displayed indicating which key i s  to be pressed to 
continue. 

4 . 3  WHEN OPERATOR RESPONSE IS REQUIRED 

Operator response is required at the following points in the 
control program under the normal operating conditions. 

1. Adjust Balance Pressure 

Up and down a r r o w  keys a r e  used t o  change the balance 
pressure setpoint. The balance pressure requlator will adjust 
the pressure to match the setpoint. When the proper pressure is 
achieved press return to continue. 

2 .  Drop Plumnet 

At this point the operator should make a visual check 
of the t e s t e r  to verify that everything is ready for the drop. 
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P r e s s  r e t u r n  f o r  the drop. P r e s s  r e t u r n  t o  d r o p  the p l u m m e t .  

3. T e s t  C o m p l e t e  

A f t e r  the test the o p e r a t o r  m u s t  p r e s s  r e t u r n  to r e t u r n  

to the m a i n  m e n u .  

5.0 DATA ANALYSIS 

T h e  d a t a  a n a l y s i s  s c r e e n s  a r e  u s e d  t o  view t h e  test r e s u l t s  
a f t e r  a s u c c e s s f u l  t e s t .  T h e  g r a p h i c s  s n a p s h o t s  s h o w  p r e  a n d  

post test c o n d i t i o n s  in g r a p h i c  form. The sn a p s h o t  l i s t i n g  s h o w s  
a t e s t  s u m m a r y  in t a b u l a r  f o r m  t h a t  c a n  b e  q u i c k l y  s e n t  t o  t h e  
printer. T h e  p l o t s  s h o w  t h e  h i g h  s p e e d  s a m p l e  d a t a  t a k e n  d u r i n g  
the d r o p  f o r  t e m p e r a t u r e  a n d  p r e s s u r e  o f  the c h a m b e r .  Any o f  t h e  
g r a p h i c  s c r e e n s  c a n  b e  p r i n t e d  o u t  b y  p r e s s i n g  t h e  p r i n t  s c r e e n  

k e y .  A s c r e e n  d u m p  o f  t h i s  t y p e  t a k e s  a p p r o x i m a t e l y  2 m i n u t e s  
a n d  15 s e c o n d s  t o  c o m p l e t e .  I f  t h e  p r i n t e r  i s  n o t  r e a d y  f o r  
p r i n t i n g  a n d  t h e  p r i n t  s c r e e n  k e y  i s  p r e s s e d  t h e  c o m p u t e r  will 
w a i t  t h e  2 m i n u t e s  a s  i f  i t  w a s  p r i n t i n g ,  t h e n  r e t u r n  t o  n o r m a l  
o p e r a t i o n .  T o  a v o i d  this w a i t ,  t h e  p r i n t e r  s t a t u s  will b e  
p r i n t e d  in r e d  in t h e  l o w e r  l e f t  c o r n e r  o f  the s c r e e n  i f  t h e  
p r i n t e r  i s  n o t  r e a d y .  I f  t h e  p r i n t e r  i s  r e a d y ,  no m e s s a g e  will 

ap p e a r  a n d  the print s c r e e n  k e y  c a n  be pressed. The pr i n t  s c r e e n  
k e y  s h o u l d  n e v e r  b e  p r e s s e d  d u r i n g  t h e  r u n  t e s t  p h a s e  o f  
o p e r a t i o n  a s  a l l  c o n t r o l  w i l l  s t o p  f o r  2 m i n u t e s  w i t h o u t  m e a n s  o f  
recovery. If t h i s  s h o u l d  h a p p e n  a c c i d e n t a l l y  a n d  v a l v e s  a r e  in a 
s t a t e  t h a t  m u s t  b e  c h a n g e d  in t w o  m i n u t e s  t h e  c o m p u t e r  c a n  b e  

r e b o o t e d  a n d  t h e  t e s t  restarted. 

5.1 GRAPHICS SNAPSHOTS 
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T h e  g r a p h i c s  p r e t e s t  a n d  g r a p h i c s  p o s t t e s t  s n a p s h o t s  s h o w  
t h e  t e s t  c h a m b e r  c o n d i t i o n s  j u s t  b e f o r e  t h e  d r o p  a n d  j u s t  a f t e r  
t h e  h i g h  s p e e d  s a m p l e s  a r e  f i n i s h e d .  T h e  d a t a  is p r e s e n t e d  in 
t h e  s a m e  f o r m  a s  t h e  s y s t e m  s c h e m a t i c  d u r i n g  t h e  t e s t  s o  t h a t  
d a t a  c a n  b e  f o u n d  in f a m i l i a r  p l a c e s  o n  t h e  s c r e e n .  T h e  p r i n t  
s c r e e n  k e y  is r e q u i r e d  to print out this infomation. 

5.2 PRESSURE AND TEMPERATURE GRAPHICS 

A t e m p e r a t u r e  a n d  a p r e s s u r e  g r a p h  o f  e a c h  t e s t  is a l s o  
a v a i l a b l e .  T h e  d a t a  is p r e s e n t e d  on t h e  s c r e e n  a n d  c a n  b e  
p r i n t e d  o u t  in t h e  s a m e  m a n n e r  a s  t h e  p r e  a n d  p o s t  t e s t  
s n a p s h o t s .  T h e  d a t a  is p l o t t e d  p r i o r  t o  t e s t  d u r i n g  t h e  a c t u a l  
d r o p  a n d  p o s t t e s t .  P r e s s u r e  a n d / o r  t e m p e r a t u r e  s p i k e  a r e  
captured. 

6.0 SPECIAL KEYS DURING O P E R A T I O N  

6.1 S a f e  S h u t d o w n  kcy 

T h e  F 1  k e y  will s t a r t  a s a f e  s h u t d o w n  p r o c e d u r e  t h a t  
v e n t s  a l l  p r e s s u r e s  a n d  c o o l s  a n y  h o t  f i x t u r e s  b e f o r e  a l l o w i n g  
t h e  o p e r a t o r  t o  c o n t i n u e  t o  t h e  m a i n m e n u .  B e f o r e  s t a r t i n g  t h e  
p r o c e d u r e  a s k  the u s e r  if h e w a n t s  t o  c o n t i n u e  t h e  s a f e  s h u t d o w n ,  
if a n y  k e y  o t h e r  t h a n  "Y" is p r e s s e d  t h e  c o n t r o l  will c o n t i n u e  
f r o m w h e r e  i t  l e f t  o f f .  I f  t h e  u s e r s  c o n t i n u e s  t h e  s h u t d o w n  
procedure the s h u t d o w n  p r o c e s s  will be initiated. T h e  s a m e  s t e p s  
u s e d  t o  s h u t d o w n  t h e  c e l l  a f t e r  a s u c c e s s f u l  d r o p  a r e  u s e d  in 
t h i s  p r o c e d u r e ,  s u c h  t h a t  p r e s s i n g  t h e  F1 k e y  a f t e r  t h e  p l u m m e t  
h a s  b e e n  d r o p p e d  and r e t u r n e d  is not n e c e s s a r y  u n l e s s  t h e  p l u m m e t  
sense s w i t c h  h a s  m a l f u m c t i o n e d .  N o t e  that at a n y  t i m e  d u r i n g  t h e  
s a f e  s h u t d o w n  p r o c e d u r e  if t h e  p r o c e s s  i s  w a i t i n g  on a n  e v e n t  
that will not o c c u r  d u e  to a h a r d w a r e  m a l f u n c t i o n  t h e  e m e r g e n c y  

F-5 



s h u t d o w n  can b e  executed. 

6 . 2  EMERGENCY SHUT- KEY 

T h e  F10 k e y  will s t a r t  an e m e r g e n c y  s h u t d o w n  procedure that 
c l o s e s  a l l  v a l v e s  a n d  t u r n s  o f f  a n y  o t h e r  d i g i t a l  o u t p u t s .  T h e  
p r o c e d u r e  will s t a r t  i m m e d i a t e l y  w h e n  t h e  F10 k e y  i s  p r e s s e d  
w i t h o u t  a u s e r  p r o m p t .  A m e s s a g e  will be d i s p l a y e d  i n f o r m i n g  
t h e  o p e r a t o r  t h a t  t h e  s h u t d o w n  p r o c e d u r e  h a s  s t a r t e d .  W h e n  
f i n i s h e d  t h e  u s e r  will b e  a s k e d  to p r e s s  r e t u r n  to c o n t i n u e  t o  
the m a i n  m e n u .  
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